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AUTOMATION 


r is tempting to scoff at newly-coined 
words. They are so cheeky; they assert 
themselves and demand attention. If a few 
hundred of the old words, in Basic English, 
are sufficient to express almost every idea 
we want to express, and still leave thousands 
we never use (except in crossword puzzles), 
why should we take any notice of the new 
fellows? The truth is, of course, that it is 
not the new word but its meaning that we 
feel compelled to consider. And if that 
meaning is of wide significance, then it 
commands attention, and the word that 
conveys it is a powerful tool of publicity. 
So it is with “automation.” It is said 
to be fifteen years old (it had no contestant) 
but that is young for words. It has now 
earned its place. The Institution of Produc- 
tion Engineers are holding a conference on 
automation next week. 

Automation is not restricted to the major 
mass-production industries—motor-cars, elec- 
tric motors, radio receivers and television 
sets, paper-making, and the like. It has the 
greatest possibilities in these industries, of 
course, but the attitude of mind ‘which 
fosters automation can also find scope in 
less obvious places. Forget, for a while, 
the familiar tools that have impressed 
themselves on the mind since apprenticeship 
days—the lathes, the milling machines, the 
planers, the drilling machines; it is almost 
instinctive in an engineer to think of them 
when he is planning production in a machine 
shop—but forget them. 

Think only of producing a quantity x of 
a product in time ¢, and assume that the 
design of the product can be moulded, within 
limits, to suit automation. Develop an 
intimate knowledge of the tools of auto- 
mation—automatic transfer machines, elec- 
tronic computers, punched cards, electric 
and electronic devices, the principle of 
feedback and all the innovations of control 
engineering. Finally, just as space and time 
now coalesce in space-time, so must making 
and moving in ‘‘ making-moving.” It is nota 
question of turning the component on a 
lathe, moving it to a miller, milling it, 
moving it to the inspection department, 
inspecting it, moving it to the heat-treatment 
shop, heat-treating it, moving it to the grind- 
ing shop, grinding it, and so on, but of some 
making-moving process, now to be planned, 
which springs from the nature of the product, 
not from the nature of lathes, milling 
machines, inspection instruments, furnaces, 
grinding machines and works trucks. That 
is the recipe for automation. 

It is certainly an attitude of mind. A 
breaking-away from ingrained habits of 
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thought. The London Press Exchange, 
Limited, a firm of advertising agents, have 
themselves. shown this desirable ability by 
issuing a booklet entitled ‘“‘ Automation,” 
in which four contributors with special 
knowledge discuss the subject in general 
terms. It may seem odd for such a firm to 
embark on a venture of this kind, but there 
are sound reasons for it. The ultimate aim 
of automation being to raise the standard of 
living, there is a risk that it will produce the 
opposite result if demand for goods fails to 
rise in conformity. Advertising, the London 
Press Exchange believe, helps to teach “ the 
masses to consume goods which were 
formerly regarded as the luxuries of a 
privileged minority. If automation is not to 
lead to unemployment and friction then 
advertising must redouble its educative 
efforts.” 

Mr. Frank G. Woollard, M.B.E., 
M.I.Mech.E., contributes the opening article 
in the booklet. The first automatic transfer 
machines were built under his supervision in 
the engines branch of Morris Motors, 
Limited, as long ago as 1923-24. He stresses 
the important point that automation, though 
it will lessen the demand for the unskilled, 
will increase the requirement for skilled men. 
There must be re-deployment, not unemploy- 
ment. He believes that if there is co-opera- 
tion between trade unions, employers and 
Government through the employment 
exchanges, the change-over need not 
be difficult. Mr. Austen Albu, M.P., 
A.M.I.Mech.E., who discusses the subject 
in relation to the trade unions, concludes 
that “‘ provided there is full consultation and 
reasonable human understanding on the part 
of managements and provided there is a 
continuance of the present industrial climate, 
based on full employment, it does not look 
as if the introduction of the new methods... 
will meet with any opposition from the 
trade union side of industry.” Mr. Charles L. 
Boltz, industrial correspondent of the B.B.C. 
Overseas Service, ends his article with a word 
to engineers: “‘ It is with fundamental work, 
often of a very abstruse nature... . that 
the engineer will have to ally himself, 
whether he likes it or not, if the dreamed-of 
full automation of industry is to be achieved 
and have its revolutionary impact.” Mr. 
Anthony Crosland, looks at the economic 
consequences of automation, and concludes 
that it is now perfectly possible, given 
a determined Government, so to arrange 
our affairs that we maintain full employ- 
ment. It is to be hoped he is right, for 
that seems to be the major unknown factor. 
The purely technical factors of automation can 
be resolved by engineers who are under the 
spell of that cheeky word. 
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Weekly Survey 


Cover Picture. Optical instruments may be said 
to extend the range and function of human eyes 
much as tools extend the competence of human 
limbs. The periscope, for example, transfers the 
eye’s line of sight, thereby increasing its field of 
view and enabling an observer to remain hidden 
or protected without loss of vision. The instrument 
itself may be improved by adding telescopic and 
binocular systems, so that distant objects can be 
seen distinctly and stereoscopically, while its 
optical efficiency is enhanced by using prisms 
instead of mirrors as reflectors. The periscopic 
binocular shown on our front cover has been 
designed for use in an armoured fighting vehicle, 
and the instrument maker is seen adjusting the top 
prism assembly. 


= 2 @ 
TRIBULATIONS AND TRIUMPHS 


Vickers Limited is an old British engineering 
institution, but as the chairman, Lieut. General 
Sir Ronald Weeks, said in his recent statement, 
it is also a “growth” company. Teething 
troubles are an inevitable concomitant of growth 
and Vickers have had their share. As Sir 
Ronald frankly admits, heavy expenditure 
incurred on the earlier models of the V.R. 180 
tractor has had to be written off. However, the 
difficulties have been overcome at last, the new 
models of the V.R. 180 have been piling up a 
large volume of trouble-free hours of work, and 
Vickers should now be well established in the 
earth-moving market with the cheapest machine 
of its class in the world. 

Their range of earth-moving equipment dis- 
tributed by Jack Olding is also increasing 
steadily. Olding’s turnover in the first few 
months of this year has been substantially higher 
than in the corresponding period of 1954. A 
major Vickers disappointment has been the 
Swift interceptor fighter, the cancellation of 
orders for which caused considerable disorgan- 
isation in the Supermarine Division. All the 
blame does not devolve on Vickers, but they 
assume full responsibility for their share in 
having undertaken to develop a machine far 
beyond the performance for which it was origin- 
ally designed. There is ample compensation for 
this failure in the success of the other Vickers 
aircraft. Deliveries of the Valiant are being 
made up to schedule and in a substantial flow 
from Weybridge, while construction of the proto- 
type of the transport version, the V.1000, is well 
under way. A total of 55 Viscounts have been 
delivered and have flown 84,000 hours or 
25 million miles. The order book (including 
aircraft delivered) exceeds 200, and in order to 
keep the delivery period down to two years, 
facilities at Hurn have already been doubled and 
will be further increased to give an output of 
10 Viscounts a month. It is unlikely that the 
British lead in turbo-propeller aircraft, for civil 
airline use will be quickly overtaken. With no 
prospect of a comparable American machine, 
Capital Airlines, domestic U.S. operators, have 
ordered 60 Viscounts, of which one was de- 
livered on May 17. 


> ue 
FOUNDRYMEN IN CONFERENCE 


As is usual at trade union conferences, a wide 
variety of subjects was brought forward for 
discussion at the five-day annual delegate 
meeting of the Amalgamated Union of Foundry 
Workers, which was held at Hastings and opened 
on May 30. They ranged from protests at the 
““inadequacy”’” of the present Monopolies 
Commission to demands for higher earned- 
income allowances for income-tax purposes, 
and included motions requesting the early 
repayment of post-war credits, the initiation of a 
campaign to bring about the nationalisation of 
the engineering industries, the introduction of 
fully-skilled status and apprenticeships for 
dressers, and a number on political questions. 


Another motion demanded that gravity die- 
casters ‘“‘ who are capable of dressing, working 
and producing the required numbers of castings 
from any proved die within a reasonable time,” 
should be classed as skilled. There were 
criticisms of trade union organisation. One 
district committee asked the delegates to express 
their dissatisfaction with the card-voting methods 
used at the Trades Union Congress and the 
Labour Party Conference, affirming that these 
methods were undemocratic. The committee 
urged that, for all major issues, card voting 
should be in accordance with the result of a 
ballot vote among the members of the organisa- 
tion concerned. 

In his report to the conference, Mr. J. Gardner, 
the union’s general secretary, stated that employ- 
ment figures for all sections of the founding 
industries not being available, union membership 
could best be compared with those for iron- 
foundries, which, in any case, employed the 
greatest number of foundry workers. Compared 
with the ironfoundry returns for 1954, member- 
ship of the union had declined during the year by 
no less than 2,154, although there had been 
an increase of 1,212 in the total number of 
employees. In general, membership of the 
union followed employment trends, but there 
was usually some delay before the union benefited. 

Mr. Gardner noted that his union had been 
formed by an amalgamation of smaller bodies 
within the industry and stated that, in the past, 
repeated efforts had been made to achieve an 
amalgamation with the remaining unions having 
an exclusive interest in the foundry trades. 
Representatives of all six of these bodies had been 
invited to a meeting to discuss the question. 
Only two accepted the invitation and they 
withdrew when they learned that there had been 
no response from the other four. 

The delegates passed an emergency resolution 
asking for a “ substantial increase” in wages, 
to be paid from the date of the application. 


x k * 
N.P.L. STAFF SHORTAGE 


Considerable difficulties in carrying out the work 
of the National Physical Laboratory, owing to 
shortage of scientific staff, are expected within 
the next few years, it is stated in the National 
Physical Laboratory Report for the Year 1954 
(H.M.S.O., 4s. net), published recently. Only 
40 per cent. of the Director’s estimate of addi- 
tional staff requirements have been allocated 
under the Department of Scientific and Industrial 
Research five-year plan. Most of these will 
have to be allocated to the Aerodynamics and 
Ship Divisions—the latter is to have a new and 
extensive ship hydrodynamics laboratory at 
Feltham which will be completed in three to four 
years’ time—or to metal fatigue research pre- 
viously carried out by staff recently transferred 
to the Mechanical Engineering Research Labora- 
tory. This means that few staff will be available 
to expand the new control mechanisms and 
electronics division, which was formed during 
1954 to investigate the automatic control of 
experimental, industrial and administrative opera- 
tions. It means also that some of the existing 
work may have to be curtailed to make room 
for new projects. 

The report records that a new building for the 
Metallurgy Division was formally opened on 
April 6, 1954, and that during the same month 
the new 3-2-MV impulse generator in the high- 
voltage laboratory came into operation. The 
provision of new power-frequency equipment 
is under consideration. Two liaison officers 
have been appointed to make the work of the 
laboratory better known to industry. 

The A.C.E. Pilot Model has been employed 
in the Mathematics Division on statistical 
analysis of strain gauge readings taken during 
flight trials of the de Havilland Comet at Farn- 
borough, and has also been used by the Royal 
Aircraft Establishment in connection with the 
design of a flexible-wall wind tunnel, and for 
flutter calculations. The application of diffrac- 
tion gratings—methods of producing which 
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have been developed by the Light Div'sion4, 
the control of machine tools has aro:sed the 
interest of several industrial firms. Thc Metro. 
logy Division has continued to develop auto. 
collimation and pneumatic gauging as , Means 
of making highly accurate dimensional : reasyre. 
ments. The Physics Division, which is respop. 
sible for the measurement of radiologicai dosage 
is now equipped with a new primary ionisation 
chamber for measurements up to 300 key. 
Other aspects of the work done during the past 
year were demonstrated recently at the N.PL. 
Open Day on Friday, May 20, and some of these 
exhibits are described in an article elsewhere 
in this issue. 
x k * 


USING TIMBER 


The removal of restrictions has resulted in q 
gradual increase in the use of timber in the 
United Kingdom, but consumption of softwood 
last year was still only about three-quarters of 
the pre-war rate of 2 million standards per 
annum. In housing (which is the largest single 
consumer) the need to keep down costs has 
caused the retention of economy measures 
instituted while restrictions were in force, and in 
many other applications alternative materials are 
continuing to make headway. Even so, the 
possibilities of timber as a raw material are far 
from being fully exploited, despite the fact that 
in an age when the world is faced with serious 
depletion of mineral resources it has the impor- 
tant advantage, with proper husbandry, of being 
virtually inexhaustible. 

This point was made by the Rt. Hon. the Earl 
of Feversham, speaking as President at the 
annual general meeting of the Timber Develop- 
ment Association. Lord Feversham drew atten- 
tion to the need to consider carefully the increas- 
ing cost in human labour and ingenuity devoted 
to the production of synthetics while Nature with 
so little effort makes direct use of solar energy in 
the simplest way by growing trees. The Timber 
Development Association’s r6le in research and 
trade promotion is thus extremely important. 
Much has already been achieved. The develop- 
ment of the T.D.A. roof—an example of the 
direct application of research to commercial 
utilisation—has gained a high proportion of the 
housing market (at one time 30 per cent. of all 
new houses had T.D.A. roofs) and opened up a 
new market in large industrial buildings. T.D.A. 
have produced evidence to show that softwood 
has still marked advantages in normal conditions 
of intermittent heating over solid concrete floors 
—despite all the official and commercial propa- 
ganda supporting the latter in recent years. 
Their work has also covered a range of diverse 
projects from sea defence groynes to cooling 
towers, grain silos and packaging. One of the 
most important aspects is education, but the 
new emphasis on utilisation and trade promotion 
creates obvious difficulties. Utilisation cannot 
be taught in isolation from the sciences, arts 
and crafts, and it would be scarcely practical for 
T.D.A. to undertake courses of such comprt- 
hensiveness. The solution appears to lie in 
supplementing the existing courses of technical 
instruction run by the timber utilisation trade. 
In 1954, for example, special courses in timber 
technology were introduced into the curricula 
in the five leading schools of architecture. 
T.D.A. also inaugurated a course for instructors 
in timber practice. Hitherto the finance for 
T.D.A. has been provided solely by the timber 
trade. An annual grant from the DSR. 
announced a few weeks ago, should help to 
extend the scope of the utilisation research. 


= = & 


COMPETITION IN SHIPBUILDING 
AND SHIPPING 


In their annual statements in recent months, 
chairmen of the shipbuilding companies have al 
been able to draw attention to the continuing 
revival in the placing of orders. Sir Frederick E. 
Rebbeck, of Harland and Wolff Limited, is 0° 
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exception. His company, with 58 vessels under 
construct:on or on order, have enough work on 
hand to keep them well occupied until early 1957. 
Sir Frederick stressed, however, that most of the 
new orders have come from British shipowners 
and that ‘here is little truth in the widely public- 
ised idea that foreign competition is slackening. 

The problem of the shipbuilder in maintaining 
the present level of employment against com- 
petition from not only Germany but the Nether- 
lands and Scandinavian countries is still grave. 
These foreign yards, “‘ most of whom have very 
willing labour to carry out the work,” have been 
able to quote fixed prices. British shipbuilders 
can counter this only if they are assured of a 
reasonable period of wage stability both in their 
industry and the steel, coal and transport 
industries. Shipowners in their turn are facing 
strong foreign competition aggravated by flag 
discrimination. Sir William Crawford Currie, 
chairman of the Peninsular and Oriental Steam 
Navigation Company, in his recent statement 
draws attention particularly to the rapid expan- 
sion of Japanese shipping. The Japanese Gov- 
ernment have been using shipping as an instru- 
ment of commercial policy, and subsidised 
Japanese shipping lines entering specific trades 
“ by their competition and conduct have brought 
down the rates of freights in those trades to 
uneconomic levels.” Another serious com- 
petitor, but one with whom the shipping com- 
panies can come to terms more easily, is air 
transport. The P. & O.’s association with air 
transport is by no means new. They had a sub- 
stantial interest in Imperial Airways dating from 
the early ’thirties and were also associated with 
the pioneer development of airlines in Australia. 
Unfortunately, their past experience has been 
that the development of air transport by private 
enterprise “‘ has received a chilly reception from 
successive Governments sufficient to discourage 
all but the hardiest.”’ 

Nevertheless, Sir William stresses the import- 
ance of shipping companies interesting them- 
selves in it so that the best equilibrium between 
the two forms of transport may be achieved. 
He does not criticise the public corporations, 
but makes the point that at this period of rapid 
development the reservation of virtually every 
potentially viable air transport service to two 
organisations is not the best way of gaining the 
lead for Britain. P. & O. have been quick to 
grasp the opportunities offered by Government 
concessions on all freight services. Last year 
they acquired a 70 per cent. interest in British 
Aviation Services Limited, who own the Silver 
City and Aquila airlines. British Aviation 
Services have been refused a licence to operate a 
regular all-freight service to Singapore, but 
although the application has not yet been granted 
there is reason to believe that the Government 
regards a comparable service to Australia more 
favourably. 

xk k* * 


B.T.H. AND THE GAS TURBINE 


The commercial application of the industrial 
gas turbine has been keenly awaited since the 
end of the war, but few technical ideas can be 
developed for practical purposes overnight and 
only recently have prime movers of this kind 
emerged from the experimental stage. However, 
commercial units are now being made by a 
number of companies, and two gas-turbo- 
alternators designed and built by the British 

omson-Houston Company for Nairobi South 
Power Station, Kenya, are described on a later 
Page in this issue. 

B.T.H. first investigated the possibilities of 
8as turbines as early as 1933, following their 
Success with an extra-high temperature steam 


turbine having a steam inlet temperature of 
1,000 de F., which was built for the Detroit 
Edison Company of America some four years 
carlier. \1owever, although a preliminary design 
for a 5.\00-kW gas-turbo-alternator was pre- 
pared, it \as considered too early to develop the 
8a8 turbive, and the project was temporarily 
Set aside 

» Nevert cless, the experience gained proved 


useful in the development at the company’s 
Rugby works of the Whittle jet-propulsion air- 
craft engine, and the first experimental jet unit 
was completed and tested in 1937. Later, in 
May, 1941, an aircraft made by the Gloster 
Aircraft Company and powered by a B.T.H. 
jet engine of Whittle design was flown success- 
fully. The history of this development was given 
in the first James Clayton Lecture, delivered by 
Sir Frank Whittle at a meeting of the Institution 
of Mechanical Engineers on October 5, 1945 
(reported in ENGINEERING, vol. 161, pages 212, 
237 and 261, 1946). Incidentally, it should be 
borne in mind that industrial gas turbines must 
be capable of long runs with minimum mainten- 
ance, as distinct from the relatively short life— 
in terms of hours of service—of airborne 
equipment. 

In 1951, a B.T.H. 1,200 shaft horse-power gas- 
turbo-alternator set was installed as part of the 
main propulsion machinery in the Shell tanker 
“* Auris ”—believed to be the first ocean-going 
merchant ship to be so equipped in the world 
(ENGINEERING, vol. 171, page 209, 1951). The 
total running time of this gas turbine has now 
reached well over 13,000 hours. 

The first of the two 2,500-kW gas-turbo- 
alternator sets for Nairobi went into service in 
September, 1954, and has now completed well 
over 2,000 hours running. However, when these 
sets were designed, only very limited experience 
was available from the Auris gas turbine—which 
incorporated an axial compressor—and it was 
decided at that time to employ centrifugal 
compressors. Now, as a result of experience 
gained from the Auris, B.T.H. have decided to 
adopt an axial-flow compressor for the various 
designs of gas turbines now made. 

This permits an improved overall thermal 
efficiency, and offers a modern single-line axial- 
flow unit without a heat exchanger, which very 
nearly attains the same efficiency as one of the 
Nairobi sets with a heat exchanger. Moreover 
an axial-flow gas turbine is considerably smaller 
than a corresponding unit with a centrifugal 
compressor, so that a machine of 5,000-kW 
output, for example, occupies the same floor 
area as one of the Nairobi 2,500-kW sets. 

The British Thomson-Houston Company now 
build three standard sizes of gas-turbo-alternator 
sets for power generation, having nominal 
ratings of 2,500 kW, 4,000 kW and 6,500 kW; 
a fourth size of 10,000 kW is at present being 
designed. These machines are single-shaft 
sets comprising a turbine driving an axial- 
flow compressor directly, together with an 
alternator driven directly or through reducing 
gears. Various forms of two-shaft design with 
a free power turbine, for such applications as 
pump drives, are also under consideration. 


© & @ 
LE MANS LIMITATIONS 


This week-end 60 cars from five countries will 
be battling for 24 hours on the Le Mans circuit 
in Northern France in one of the word’s greatest 
motor races. Speeds up to 180 m.p.h. are 
expected on the straight and the winner should 
handsomely beat Jaguar’s 1953 record of 
106-42 m.p.h., gaining large cash rewards and 
bringing incalculable benefits in prestige to the 
manufacturer and to the nation which built 
the car. 

The character of the race has changed as its 
fame has extended. It began as an event for 
production touring cars which had to have full- 
width windscreens, and even hoods, if they had 
open bodywork. Now the entries include a 
proportion of specially built cars which the 
public will never by able to buy. There are 
central driving seats, with token passenger 
seats hung outside the chassis frame. Even 
converted Grand Prix racing cars have been 
accepted, and observers who see the 750-c.c. 
twin-fuselage Nardi, one side containing the 
driver and the other side the engine, may well 
wonder where all this is leading. Yet the severe 
discipline of this unique race still produces useful 
results. The road surface is now so smooth that 
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the event is no longer a test of suspension, shock 
absorbers or frame design—for that one must 
look to the Mille Miglia and the Carrera Pan 
Americana—but the opportunities for very high 
speeds have led to intensive study of streamlining 
and much development of brakes. The faster 
cars must be slowed from 150-180 m.p.h. to 
about 35 m.p.h. once every 44 minutes and the 
brakes are used hard several times in between. 

This year’s Mercedes 300 SLR, directly derived 
from a single-seater Grand Prix car, is too costly 
and complicated to be sold to the public as it 
stands, but its 8-cylinder, 3-litre engine, with 
desmodromic valve operation and fuel injection 
direct into the combustion chambers, achieves 
the extraordinary specific output of 100 brake 
horse-power per litre on ordinary pump fuel, 
and it is worth recalling that the Mercedes which 
won in 1952 was subsequently developed into a 
two-seater coupé which is now selling to the 
public at the rate of five a day. The Jaguars 
which won in 1951 and 1953, and took second 
place by a margin of only a few seconds in 1954, 
all employed an engine and transmission system 
directly derived from the production models. 
The buyer has obtained the benefit in increased 
reliability and steadily increased power output. 
And the end is not yet in sight, for this year’s 
engine, still based on a production design, is 
giving over 275 h.p. from 34 litres. Jaguar have 
abandoned the magnesium-alloy chassis frame 
with stressed-skin centre section used on last 
year’s cars, which proved vulnerable and difficult 
to repair, and have substituted a steel tube frame 
which is easier to make and repair and weighs 
no more, with the intention of selling replicas 
to private buyers who are awaiting delivery in 
many different countries. 

Lack of any limitation on engine size has 
produced sports cars which are faster than Grand 
Prix cars, and only the most skilful Grand Prix 
drivers can handle them; but here again the 
discipline of Le Mans asserts itself. Every car 
must cover 32 laps (268 miles) between stops 
for fuel; refuelling or taking on oil or water 
at less than this interval entails instant disquali- 
fication. Hence a larger engine with high fuel 
consumption requires large fuel tanks, raising 
problems of road handling, braking and tyre 
wear. There is indeed a strong case for reducing 
pit stops as far as possible. Failure to restart 
after a pit stop nearly cost Ferrari the race Jast 
year, and this year he has abandoned the great 
4-9-litre 12-cylinder car in favour of a lighier 
model of 4,410 c.c. Likewise the American 
Cunningham team, after using V-8 power units 
of 54 litres, now place their hopes on engines of 
2:9 and 3-4 litres. 


xk *&k * 


NUCLEAR ENERGY FORUM 


It is a wise move on the part of the three major 
engineering institutions, with the Institute of 
Physics and the Institution of Chemical Engi- 
neers, to create a common forum for the inter- 
change of information on nuclear energy. In 
the past, failure to graft on the new branches of 
engineering has sometimes led to the growth of 
“ break-away ” institutions. It is true that in 
the United States a separate society has been 
formed, but in this country, as Sir Christopher 
Hinton remarked at last week’s Press conference 
(reported on page 716), there are good reasons 
for believing that the creation of new institutions 
has gone far enough. 

Sir Christopher said that other institutions 
may join at a later date, when the British Nuclear 
Energy Conference (as it is called) has had time 
to establish itself. It is to be hoped, also, that 
some way will then be found to permit a wider 
representation of institution members on the 
governing board of the B.N.E.C. If the board 
is always dominated by members of council 
and secretaries of the institutions, half the virtue 
of establishing the Conference will be lost. 
There should be a chance for other qualified 
persons to take part, otherwise conditions which 
favour a break-away may arise. 
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PLANS FOR NUCLEAR ENGINEERING 


The next major objective in the advance of 
engineering has become clear within the past 
few years. Nuclear engineering—more specific- 
ally, “atomic” power stations—is now the 
goal, and all the forces of the industry and the 
profession have been re-deploying for the 
assault. 


THE PROFESSION 


Five of the professional institutions announced 
their plans last week. The Institutions of Civil, 
Mechanical, Electrical, and Chemical Engineers, 
together with the Institute of Physics, have 
formed the British Nuclear Energy Conference— 
a permanent body for organising meetings, 
symposia, publication of papers, etc. The 
chairman is Sir Christopher Hinton, and the 
members of the board which governs the con- 
ference, three nominated by each institution, 
are as follow :— 

Institution of Civil Engineers: Dr. W. H. 
Glanville, Mr. G. M. McNaughton, Mr. Alexan- 
der McDonald (secretary of the Conference). 

Institution of Mechanical Engineers: Sir 
Christopher Hinton (chairman of the Confer- 
ence), Professor A. O. Saunders, Mr. Brian G. 
Robbins. 

Institution of Electrical Engineers: Mr. J. 
Eccles, Dr. Willis Jackson, Mr. W. K. Brasher. 

Institute of Physics: Sir John Cockcroft, 
Mr. O. W. Humphries, Dr. H. R. Lang. 

Institution of Chemical Engineers: Mr. K. B. 
Ross, Mr. A. S. White, Dr. J. B. Brennan. 

Sir Christopher Hinton explained at a Press 
conference that a new institution, solely for 
engineers working on nuclear engineering, was 
not to be desired. There were strong reasons 
for believing that the growth of new institutions 
had gone far enough. The number of engineers 
interested in nuclear engineering was growing 
very rapidly, but the subject was basically a 
development of the older technologies. 

Members of the five institutions will be able 
to attend meetings on nuclear energy organised 
by any of the five institutions, as well as 
meetings of the B.N.E.C. The conference will 
publish a journal about four times a year, con- 
taining records of the papers, discussions, 
symposia and conferences organised by the 
board. The journal will be offered for sale. 
An inaugural meeting is planned for the autumn, 
when a symposium of lectures will be delivered 
on the technology of nuclear energy and its 
applications. The board propose to promote 
national and international conferences from time 
to time, and to arrange for British participation 
in international meetings. The expenses of the 
conference will be met by the institutions, 
thought it is expected to be self-supporting when 
it is fully established. 

Answering questions at the Press conference, 
Sir Christopher said that some people were 
still a little frightened of nuclear energy in 
trying to understand it. (The implication was 
that nuclear energy is merely an extension of 
familiar engineering knowledge and techniques.) 
A complaint that insufficient technical infor- 
mation was released was quickly answered by 
Sir John Cockcroft, who said that 900 papers 
were to be presented at the Geneva conference 
in August. 

(Editorial comment in Weekly Survey) 


INDUSTRIAL. ORGANISATION 


At least four major groups of companies are 
now established and seeking contracts for the 
construction of nuclear-power stations. They 
are:— 

(1) Associated Electrical Industries—John 
Thompson, who have a joint organisation based 
on Sale, Manchester. The two principal members 
of A.E.I. are Metropolitan-Vickers and British 
Thomson-Houston. The group is equipped to 
manufacture complete nuclear reactors and all 
the auxiliary equipment required for the power 
stations. At the A.E.I. laboratories at Alder- 
maston, Berks., a linear accelerator is available 


for the production of sources of nuclear energy. 

(2) General Electric Company—Simon Carves 
have their atomic-energy organisation established 
at Erith, Kent. Equipment already made by this 
group includes treatment plant for the conversion 
of ammonium diuranate into uranium tetra- 
fluoride; this plant was built for the Atomic 
Energy Authority. 

(3) English Electric—Babcock and Wilcox, 
have their establishment at Whetstone, Leicester. 
Both companies, working independently, have 
supplied equipment for Calder Hall, and as a 
group are making especial efforts in exploring 
overseas markets for atomic-energy plant. 

(4) C. A. Parsons—Head Wrightson—A. E. 
Reyrolle, the fourth group, have registered a 
new firm, the Nuclear Power Plant Company. 
Land has been taken in Newcastle for the 
construction of a plant able to undertake the 
manufacture of equipment for nuclear-power 
stations. Both C. A. Parsons and Head 
Wrightson have supplied plant for establishments 
of the Atomic Energy Authority. 

While these four groups comprise the most 
important United Kingdom concerns engaged in 
this work, at least one other company in this 
country, Foster Wheeler, Limited, who have 
strong American connections, have also 
announced that they are able to undertake the 
design, manufacture and erection of complete 
nuclear-power stations. 


EXHIBITION TO TOUR BRITAIN 


“The Atomic Age has moved forward at sucha 
pace that every citizen of the world should have 
some comprehension, at least in comparative 
terms, of the extent of this development, of the 
upmost significance to every one of us.” This 
statement, taken from a speech by General 
Eisenhower before the United Nations in 
December, 1953, is used to introduce a travelling 
exhibition “‘ Atoms for Peace” that was opened 
at London’s South Bank on Thursday, June 2, 
and is to visit many centres in the United 
Kingdom. Sponsored by the United States 
Information Service, in co-operation with the 
United Kingdom Atomic Energy Authority, 
the exhibition is intended to explain in terms 
easily understood by the layman the endless 
possibilities for improvement in world living 
standards through the peaceful use of atomic 
energy. 

The exhibition is housed in five 21-ton mobile 
trailers which are themselves interesting vehicles 
for they are telescopic, and can be opened up 
to twice their travelling size. With the aid of 
films and photographs, lighting devices, models 
and maps, display panels and other visual aids, 
facts and figures are given to explain what has 
already been done in the field of peaceful uses of 
atomic energy. 

The first trailer sets out the enormous potential 
of atomic energy. Using large photographs 
with terse captions the visitor is told that 1 lb. of 
uranium would supply the energy to light a 
60-watt lamp for 54 million hours .... or_to do 
the work of 1,000 tons of coal....and so on. 
That in 1952, the world used 2,000 million tons 
of coal as against less than 1,000 million tons in 
1900... . and half the coal ever used has been 
burnt since 1920, and this despite the use of oil 
and hydro-electric power. Such is the rate at 
which conventional energy sources are dwindling 
and the corresponding need to find and develop 
other sources. 

The second depicts the uses of atomic power 
around the world; maps show the deposits of 
uranium-bearing ores and the location of power 
stations and laboratories. Models, assisted by 
photographs and films, illustrate the equipment 
being built to harness the atom. Wall charts 
describe what the nuclear-energy industry has 
already succeeded in doing: the production, and 
export, of radio-isotopes and tracer tools. 

The other three trailers are concerned with 
agriculture, industry and medicine. In the 
agricultural trailer, exhibits show how more 
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food might be produced for ever-increasing 
populations by the use of isotopes to stu:'y plant 
life, trace diseases and develop weed killers 
Extravagant claims—somewhat reminis-ent of 
those of Lysenko—are made for the creztion of 
new crop plants but for the most part the exhibits 
are reasonable and factual. The medicine 
trailer illustrates the use of isotopes in diagnosis 
and in treatment; samples are set out alon g with 
the appropriate instruments, and charts indicate 
the processes employed. Industrial applications 
shown in the fourth trailer, are mainly cirected 
to methods of measurement and inspection: 
checking the liquid content in sealed containers, 
tracing oil flow through pipelines, recording wear 
in tyres, searching metal castings for flaws and 
measuring the thickness of metal sheets. 

After a 10-day showing in London, the 
exhibition, which is free, is to go on a tour of 
Britain lasting five months. Beginning at 
Belfast, “‘ Atoms for Peace” is scheduled to 
visit Glasgow, Newcastle, Edinburgh, Leeds, 
Liverpool, Manchester, Sheffield, Nottingham, 
Birmingham, Cardiff, Bristol and Southampton, 
in that order. 


GENEVA CONFERENCE 


British Government and industrial represen- 
tation at the Geneva Conference will be strong, 
The full title is the International Conference of 
Scientists on the Peaceful Uses of Atomic Energy, 
It will be held from August 8 to 20 and is being 
organised by the United Nations. Exhibitions 
of an exclusively scientific character are to be 
arranged by the United Kingdom, the United 
States, Canada, France and Russia. In addition, 
the United Kingdom Atomic Energy Authority 
are holding a more general exhibition at which 
British firms concerned with atomic energy 
development will exhibit. 


x *k* * 


PARIS AIR DISPLAY 
PROGRAMME 


To-day, June 10, the 21st Salon International de 
l’Aéronautique, organised by the Union Syndicale 
des Industries Aéronautiques, opens in Paris 
at le Bourget airport. It will remain open until 
Sunday, June 19. As we go to press we have not 
yet received details of the final arrangements, but 
it is expected that the Salon will be inaugurated 
by Monsieur Coty, President of the French 
republic. To-morrow, Saturday, will be inter- 
national commercial aviation day, and on 
Monday, June 13, interest will be centred on 
helicopters. On Wednesday, June 15, a rally of 
more than 100 private aeroplanes will descend 
on le Bourget to commemorate the 50th anni- 
versary of the Fédération Aéronautique Inter- 
nationale. On Saturday, June 18, there will be 
flight demonstrations for invited guests, which 
the public will also be able to see from special 
enclosures, and on the final day there will be a 
public international display at which the latest 
French and foreign prototypes are to be presented. 

There will be exhibitors from the United 
Kingdom, America, Germany, Belgium, Holland, 
Italy, Luxembourg, Poland, and Czechoslovakia; 
but above all, the Salon offers an excellent 
opportunity of viewing the progress of the 
French aircraft industry, which is now producing 
first-class fighter and tactical aircraft for the 
French air force as well as a wide range of light 
aircraft, including jet-propelled machines. In 
the civil aircraft field there is the high-aspect 
ratio air-liner now in quantity production, and 
a twin jet air-liner which has recently flown for 
the first time. There are also experimental 
light-weight delta machines designed for supet- 
sonic flight; a “ mixed power ” fighter which 
has achieved the distinction of being the first 
aircraft in the world to exceed the speed of 
sound when climbing; a ram-jet research 
aircraft; developments in catapult landing tech- 
niques; turbine-driven helicopters, both of the 
shaft drive and reaction-drive type; and ¢ ovelop- 
ments in manufacturing and research techniques. 
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Letiers to the Editor 


STROUHAL NUMBER AND MODEL 
LAWS OF DYNAMIC SIMILARITY 


Need for International Standards 


sir, Mr. E. G. Chilton, in a letter published in 
your issue of April 15 (page 459), rightly points 
out that | used the Strouhal number in a some- 
what unconventional way. In the same letter 
he also states that “‘ The use of a non-dimensional 
criterion per se has meaning only if this criterion 
can be shown to relate to the basic equations 
describing the physical phenomenon.” This 
statement seems to need some qualification. 

Some of these criteria have proved to be very 
useful tools in the investigation of engineering 
problems where, at present, we are unable to 
establish the basic equations. An arbitrarily 
chosen relationship may be employed in con- 
nection with the criterion as a “test tool.” 
Furthermore, the following example will show 
that even a “complete” set of equations may 
result in some ambiguity, as the non-dimensional 
terms derived from these equations may be only 
functionally related to the true model laws of 
dynamic similarity. 

Professor H. Schlichting, in his well-known 
book on boundary-layer theory,’ investigates the 
problems of heat transfer represented by four 
equations, viz., the equation of continuity, the 
Navier-Stokes equations, the energy equation, 
and the equation of state. The comparison of 
the various terms in both complete sets of 
differential equations, for the model and the 
full-scale plant, results in the following five 
non-dimensional terms : 


2 4. Fe. 
ulp u® ° ulpgey’ gcp(Ad)’ lpgcy (Ad) 
Expressing these terms by the limited number 


of true model laws of dynamic similarity, we 
obtain : 


a t 2 (y— 1) Ma? 
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where y = =, None of those terms is directly 
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related to ‘non-dimensional criteria.” The 
Reynolds number as well as the Péclet num- 
ber are given by their reciprocal values. If 
the basic equations had included oscillating 
features, then the Strouhal number (in the 
writer’s terminology) would have appeared as a 
reciprocal. The second term should be inter- 
preted as a Froude number including a parameter 
value 80, which in any investigations should be 
treated as a separate unit. Some authors, after 
expanding the second term and eliminating the 
velocity as a variable, call it a Grashof number. 
The Grashof number, however, does not repre- 
sent a true model law of dynamic similarity; it 
is merely a dependent non-dimensional variable. 
Concerning the third and the following terms, 
some confusion may result due to the intro- 
duction of g, which is a characteristic quantity 
of the Froude number but which occurs in the 
Péclet number, the fourth and fifth terms, due 
to some inconsistency in the M.K.S. system, 
when expressing specific heat in terms of 
kilogram-weight instead of mass. 

While reference to basic equations may be 
useful, it seems not to be free of fallacy. To 
obtain clear and consistent outlines about the 
true model laws, the writer has recently suggested 
that only terms which are functionally and 
directly related to a velocity term form the non- 
dimensional groups of dynamic similarity. For 
this reason the writer prefers to express the 
Strouha’ number with the velocity term in the 
fhumera\or, which of course is a mere matter of 
Convent-on. A clear distinction should be made 
between true model laws (i.e., independent 
Variables) and dependent variables, like the 
Nusselt umber, the Prandtl] number and others. 

me | ‘ernational agreement would be very 
helpful. The only standards which deal with 


non-dimensional terms comprehensively are 
the French Standards NFX02-104 and 
NF X 02-105,? but without the above-mentioned 
distinction of true model laws. With the 
exception of Bridgman’s® outstanding treatise on 
dimensional analysis, most of the more recent 
publications include rather ambiguous statements 
regarding model laws, which is reflected in many 
publications, especially in the field of chemical 
engineering. 
Yours faithfully, 
F. V. A. ENGEL. 
8 Seaton-road, 
Workington, 
Cumberland. 
June 3, 1955. 


1H. Schlichting. Grenzschicht-Theorie. Karls- 
ruhe, 1951. 

* NF X 02-104, ““Symboles de la Thermody- 
namique générale,” December, 1953; and NF X 
02-105, “‘Symboles de la Mécanique des Fluides,”’ 
August, 1951. 

3 P. W. Bridgman. Dimensional Analysis. New 
Haven, 1922. 
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HEAT PUMPS IN THE HOME 
British and American Conditions 


Sir, Your- Weekly. Survey of April 15 remarks 
on an article in our Industrial Bulletin and on a 
paper (your April 8 issue) by Mr. J. A. Sumner, 
both related to the heat pump. 

It is well to realise the basic difference between 
the British and American approach to central 
heating and air-conditioning. In the U.S.A., 
where relatively more efficient central heating, 
by means of solid, liquid or gaseous fuels, is the 
rule, space heating by electricity is unattractive. 
The heat pump appears to be the only reasonable 
way of attaining the much publicised “ all- 
electric’ home. Even so, it becomes commer- 
cially feasible only where summer air-condition- 
ing is needed. In other words, in areas where a 
2, 3 or 5-h.p. refrigeration system is needed to 
attain summer comfort, it might be reasonable to 
expect that the same equipment would be used 
as a heating device with minor modifications. 

The main problem is in matching the heating 
capacity to the cooling capacity, because the 
latter is the determining factor in sizing the 
installation. At best, the heat pump is expected 
to match the initial cost of a conventional central 
air-conditioning installation, i.e., an oil or gas 
furnace and an electrically-driven air-condition- 
ing system. The operating costs would hardly 
be expected to be any more competitive. Good 
home heating equipment reaches an efficiency of 
80 per cent., while a heat pump, having a C.O.P. 
or R.H.E. of 2:8, coupled with a power generat- 
ing efficiency of 30 per cent., yields a heating 
efficiency of 84 per cent. It is, therefore, unlikely 
to attain any fuel savings due to the use of the 
heat pump while the operating costs vary with 
local fuel and electricity rates. 

It is clear, then, that the main features of the 
heat pump in the U.S.A. are not strictly economi- 
cal and revolve around convenience, cleanliness, 
and other intangible advantages of unknown 
significance, all of which are tied in to the ever 
— standards of summer and winter com- 
ort. 

Mr. Sumner presents an interesting cost analy- 
sis of heat pumps for Britain. However, it is 
not clear why the inherently high initial cost of 
the heat pump could be more easily absorbed 
in England, where the only cooling load is the 
insignificant ‘larder cooling,” than in the 
U.S.A. where summer cooling in many areas 
is fast becoming a “ must.” Though a detailed 
study is required for each locality, analysing 
both economical and climate conditions, it 
appears that central heating provides a simple 
solution and adequate comfort. 

In one respect both countries are alike: the 
consumer will be the final judge. In the U.S.A., 
however, the question is: how much is the 
home owner ready to pay for the “‘ wonder” 
system? while in England it might be the 
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question of: what, if anything, could replace 
the solace of the fireplace? 
Very truly yours, 
ARTHUR D. LITTLE, INC., 
MICHAEL DuBITZKY. 
Cambridge 42, 


Massachusetts, 
May 25, 1955. 
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HIGHER NATIONAL CERTIFICATE 
IN CHEMICAL ENGINEERING 


Sir, On page 651 of your issue dated May 27, 
you kindly devote a section to the annual report 
of the British Chemical Plant Manufacturers 
Association. 

In dealing with the courses for the Higher 
National Certificate in chemical engineering you 
state “it is disappointing that more young men 
have not taken such courses, which are in danger 
of collapsing through lack of support.” The 
words which I have italicised in your statement 
were not used in our report and it is unfortunate 
that a misinterpretation of our wording “ it 
(the Executive Committee) again urges members 
to encourage their young men to take such 
courses, for it is most important that they should 
not lapse for want of support ” should have led 
you to convey what is, in fact, a wrong impression. 

Yours faithfully, 
E. H. T. HosBiyn, 
Director. 
British Chemical Plant Manufacturers 
Association, 
14 Suffolk-street, 
London, S.W.1.° 
June 3, 1955. 
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WHERE CAESAR CROSSED THE 
THAMES 


Sir, With reference to the note on this subject 
on page 585 of ENGINEERING for May 13, it may 
interest your readers to refer to pages 38 to 45 
of Roman London by Gordon Home, published 
by Benn, where this subject is fully discussed. 
This author rejects the theory that the crossing 
was made at Brentford, because when the Chelsea 
Suspension Bridge was built exactly 100 years 
ago the evidence of a great battle between Romans 
and Britons was dug out of the bed of the 
Thames at Chelsea. This included Roman and 
British skulls and weapons found in great 
confusion. 

It appears that the Brentford theory is not sup- 
ported by any evidence of this kind and such 
stakes as have been found at Brentford are 
unlikely to have survived for 2,000 years. 

Yours faithfully, 
C. A. M. THORNTON. 
The Oaklands, 
278, Chester-road, 
Hartford, Northwich, 
Cheshire. 
June 2, 1955. 
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JOINT METALLURGICAL 
SOCIETIES MEETING IN 
EUROPE 


The opening plenary session of the Joint Metal- 
lurgical Societies Meeting in Europe was held in 
the Assembly Hall, Church House, West- 
minster, London, S.W.1, in the afternoon of 
June 1. The chair was occupied by Sir Charles 
Bruce-Gardner, Bt., President of the Iron and 
Steel Institute, who welcomed the members of 
the American Institute of Mining and Metal- 
lurgical Engineers and of the American Society 
for Metals and the visitors from other countries 
overseas. At the outset of his speech he read a 
message of greeting sent to him by H.R.H. The 
Duke of Edinburgh, K.G., Patron of the meeting 








718 


in Great Britain. A supporting speech of 
welcome was subsequently delivered by Dr. 
Maurice Cook, F.I.M., President of the Insitute 
of Metals. A response was made by Dr. C. E. 
Williams, a past-president of the American 
Institute of Mining and Metallurgical Engineers, 
who spoke in the absence of the President, 
Mr. H. de Witt Smith. Dr. Williams’s speech 
of welcome was seconded by Dr. G. A. Roberts, 
President of the American Society for Metals. 

At the invitation of the chairman, the Hon. 
R. G. Lyttelton, past-president of the Iron and 
Steel Institute, presented the Bessemer Gold 
Medal of the Institute for 1955 to Professor 
John Chipman, head of the Department of 
Metallurgy, Massachusetts Institute of Tech- 
nology. In doing so, Mr. Lyttelton said that 
the award had been made in recognition of 
Professor Chipman’s distinguished contributions 
to knowledge on the physical chemistry of 
steelmaking. 

Dr. Maurice Cook then announced that the 
Council of the Institute of Metals had nominated 
Mr. H. de Witt Smith and Dr. G. A. Roberts 
to be honorary life members of the Institute, 
after which Sir Charles Bruce-Gardner stated 
that the Council of the Iron and Steel Institute 
had nominated to honorary membership of that 
Institute, Dr. Howard Biers, F.I.M., a member 
of the American Committee, Mr. W. H. Eisenman, 
for the past 37 years secretary of the American 
Society for Metals and Mr. E. O. Kirkendall, 
secretary of the American Institute of Mining 
and Metallurgical Engineers. 

Finally, Sir Charles Bruce-Gardner, Dr. 
Maurice Cook, Mr. K. Headlam-Morley, sec- 
retary, Iron and Steel Institute, and Lieut- 
Colonel S, C. Guillan, T.D., secretary, Institute 
of Metals, were handed scrolls of honorary life 
membership of each of the two American 
metallurgical societies by Dr, C. E. Williams and 
Mr. Eisenman, respectively. 

At the end of the business meeting, Sir Lawrence 
Bragg, O.B.E., M.C., F.R.S., Fullerian Professor 
of Chemistry and director of the Davy Faraday 
Laboratory, Royal Institution, London, delivered 
the inaugural lecture of the meeting on “‘ X-ray 
Analysis and the Structure of Metals.” 

It is our intention to deal with some of the 
main subjects discussed at the technical sessions 
of the meeting in subsequent issues. 


kk * 
Obituary 


MR. J. S. WILSON 
An Eminent Civil Engineering Consultant 


Many of our readers will share our regret at 
the death of Mr. J. S. Wilson, which occurred 
in London on May 20, in his 80th year, after a 
long and distinguished career as a consulting 
civil engineer. He had extensive knowledge of 
and experience in the design of bridges and other 
structures and was greatly interested in the 
preservation of historic buildings, on which 
subject he was an acknowledged authority. It 
is probable, however, that his name will be best 
remembered for the experiments he carried out, 
with William Gore, in 1905, as a contribution 
to the controversy which raged at the time 
regarding the safety of the proposed heightening 
of the Aswan Dam. 

John Sigismund Wilson was the youngest son 
of James Wilson Pasha, and was born in Cairo 
on October 13, 1875. He was educated at St. 
Paul’s School, London, from 1887 to 1892 and 
at the Central Technical College, now the City 
and Guilds (Engineering) College, from 1893 to 
1896. In 1897, he entered the firmyof Sir John 
Fowler and Sir Benjamin Baker, consulting 
engineers, designers of the Forth Bridge and the 
Aswan Dam, and work in connection with the 
heightening of the latter was one of his occupa- 
tions while with this firm, later Baker and Hurt- 
zig. Doubts regarding the stability of the dam, 
after heightening, had been raised by L. W. 
Atcherley and Professor Karl Pearson in a 
memoir published by them in 1904, and it was to 
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resolve these doubts and settle the discussion 
to which they had given rise that the Wilson and 
Gore experiments with indiarubber models were 
carried out. The experiments were illustrated 
and described in ENGINEERING, vol. 80, page 134 
(1905) and a joint paper giving the results of 
them, entitled “‘ Stresses in Masonry Dams,” was 
delivered to the Institution of Civil Engineers in 
1908; it was awarded the George Stephenson 
Gold Medal. The whole discussion was explained 
by Professor A. J. Sutton Pippard in the Unwin 
Memorial Lecture which he delivered to the 
Institution of Civil Engineers in 1949. It will 
be found in ENGINEERING, vol. 169, page 23 
(1950). It is not practicable to refer to all the 
interesting and important work with which 
Wilson was concerned, but we should mention 
that after the collapse of part of the roof of 
Charing Cross Station in 1905, Sir Benjamin 
Baker entrusted him with the work of investi- 
gating the cause of the failure. Particulars 
will be found in ENGINEERING, vol. 81, page 56 
(1906). He also carried out subsequently a 
very thorough inspection of the roofs of some 
other railway termini in London. 

During the First World War, after he had left 
his old firm, he evolved the Wilson and Dalby 
director for anti-aircraft guns. He next entered 
into partnership with H. C. Booth, the inventor- 
of the vacuum cleaner, and C. W. Pettit, his 
work being largely concerned with the design of 
bridges and structural steelwork, including 
that for the Southgate extension of the Piccadilly 
Tube Railway. In 1932, this partnership was 
dissolved and Wilson practised independently 
for a time, but, later formed a partnership with 
Mr. John Mason. 

Although it took place about 30 years ago, 
many engineers will remember the protracted 
discussion which occurred regarding the con- 
struction of the present Waterloo Bridge. The 
former bridge, built by Rennie and opened in 
1817, had become unsafe owing to the settlement 
of the foundations and it was too narrow to 
carry the increased traffic of the period. Many 
engineers, including Wilson, held the view that 
it should be underpinned and widened, so as to 
preserve the old structure. Wilson was honorary 
secretary of the conference called in 1926, under 
the chairmanship of Sir William Stokes, which 
produced a report favouring the preservation of 
the bridge, and gave evidence on behalf of the 
Society for the Protection of Ancient Buildings. 
The efforts, however, were unavailing and after 
about ten years of discussion the demolition of 
the bridge was commenced in 1934. Though 
efforts to preserve the old Waterloo Bridge were 
unsuccessful, Wilson became widely recognised 
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as an able champion of such causes aid was 
appointed honorary consulting engineer to the 
Society, in which capacity he reported o many 
old bridges and other structures; he also served 
on the committee. In further recognitio;. of his 
work on Waterloo Bridge and in the prese ‘vation 
of ancient buildings, the Royal Institute of 
British Architects elected him an ho 1orary 
A.R.1.B.A.—a rare distinction for an engineer, 

He was an active member of the British 
Association for the Advancement of Science 
and read several papers before the Engineering 
Section, of which he became secretary in 1923 
and acted as Recorder from 1929 to 1934. He 
accepted the Presidency of the Section for the 
Norwich meeting in 1935 and delivered an 
address on the Stability of Structures. He 
became an associate member of the Institution 
of Civil Engineers in 1903 and a member in 1927. 
He was also a member of the Newcomen Society 
and of the Royal Institution and frequently 
attended the Friday evening discourses of the 
latter body. The association of past students of 
the Central Technical College, known as the 
Old Centralians, was inaugurated after he had 
left the College, but he joined the Association 
early in its existence and became President in 
1933; he received the Fellowship of the College 
in 1929, 

He had a distinguished appearance and an 
attractive personality which endeared him to a 
wide circle of friends and acquaintances. His 
home was in Bosham, near Winchester, where he 
took an active part in the preservation of the 
ancient village church. 


x *k * 
SIR LESLIE BOYCE, BT., K.B.E. 


It is with regret that we note the death of Sir 
Leslie Boyce which occurred in hospital at 
Gloucester on May 30. Harold Leslie Boyce, 
who was in his 60th year, having been born at 
Taree, New South Wales, on July 9, 1895, was 
chairman and managing director of the Gloucester 
Railway Carriage and Wagon Company, Limited, 
and was also the first Australian to have been 
elected Lord Mayor of London. -He was 
educated at Sydney Grammar School and had 
barely left school when the war of 1914-18 broke 
out. He served with the Australian Imperial 
Forces in Egypt, Gallipoli and the Western 
Front and at the conclusion of hostilities entered 
Balliol College, Oxford. He read for the Bar 
and became a barrister of the Inner Temple in 
1922, and, in that year, was appointed technical 
adviser to the Australian representative before 
the Permanent Mandates Commission at the 
League of Nations in Geneva. 

In 1929 Boyce was elected Member of Parlia- 
ment for Gloucester and remained a member 
until 1945. In 1931 he joined the board of 
directors of the Gloucester Railway Carriage 
and Wagon Company and was elected chairman; 
in 1943 he was appointed managing director while 
still retaining the position of chairman. He 
continued to act in this dual capacity until his 
death. He was also chairman of W. Gardner 
and Sons (Gloucester) Limited, Wagon Repairs 
Limited, Philblack Limited, Hatherley Works 
Limited, Gloucester Foundry Limited, and other 
companies. 


x *&* * 


We regret also to record the deaths of: 


Mr. RoBert MCPHERSON GILLIES on May 25, at 
the age of 79. He served his apprenticeship with 
John Brown and Co. Ltd. at Clydebank and remained 
with them until the first World War when he went to 
the Admiralty to take charge of the Engineering 
Department for all ships except heavy fighting 
ships. He joined G. and J. Weir, Ltd., in 1919 and 
finally retired from the managership of their London 
office in December 1947. He was a member of the 
Institute of Marine Engineers, the Institution of Naval 
Architects and of the North East Coast: Institution 
of Engineers and Shipbuilders. 

Mr. JOHN DENMAN PARKES, B.Sc. (Eng.) (Lond.), 
M.I.Mech.E., as the result of an aircraft accident, on 
May 18. He was vice-chairman of the African 
Transport Co., Nairobi, Kenya. © 
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PERSONAL 


Sm WiLFriD Ayre, J.P., has been appointed chair- 
man of the research board of the British Shipbuilding 
Research Association, 5 Chesterfield-gardens, Curzon- 
street, London, W.1, in succession to the late Sir 
MaurRICE DENNY, Bt., K.B.E. 

Si HucH Mo.ony, Bt., M.A., M.A.I., M.LC.E., 
who has been on the engineering staff of the Ministry 
of Health and, until recently, with the Ministry of 
Housing and Local Government, has resigned his 
official post to take up private consulting work. His 
address in London is 40 King William-street, E.C.4. 


Mr. W. R. BRACKETT, O.B.E., T.D., B.Sc., senior, 
ner in the firm of Henry Hallam and Son, 
Nottingham, has been elected President of the Royal 
Institution of Chartered Surveyors, 12 Great George- 
street, London, S.W.1., in succession to Mr. C. P. 
Bowyer, 1.D. 

Mr. F. W. WHITEHEAD, F.R.Ae.S., M.I.Mech.E., 
M.LP.E., retired on May 31 from the post of chief 
production engineer of the Engine Division of the 
Bristol Aeroplane Co. Ltd., Bristol, after 34 years of 
service with the company. Mr. C. W. TINSON, 
F.R.AeS., retired as sales liaison engineer of the 
Aircraft Division of the company on June 1, after 
44 years in aviation, 35 of them with the Bristol Co. 

Mr. G. R. BoLsover, A.Met. (Sheffield), F.Inst.P., 
F.L.M., director and consulting metallurgist, Samuel 
Fox & Co. Ltd., Sheffield, will retire from the com- 

y’s service on June 30. Mr. R. D. POLLARD, 
A.Met. (Sheffield), F.I.M., has been appointed to the 
board of directors and becomes chief metallurgist as 
from July 1. Mr. O. INMAN retires from his position 
as director of developments on June 30, but he remains 
a director and his services are being retained as 
engineering consultant. 

Mr. A. E. MorGAN, B.Sc. (Eng.), A.M.I.Mech.E., 
works manager, Atlas Diesel Co., Ltd., Wembley, 
— has been elected to the board as from 
June 1. 


Mr. L. D. GUNNELL, general sales manager, and 
Mr. H. G. CARTER, A.C.A., secretary, have been 
elected directors of Foster Electrical Supplies Ltd., a 
—s company of Lancashire Dynamo Holdings 

td. 


Mr. G. S. Hetme, T.D., A.M.IE.E., Mr. J. 
JAMIESON, B.Sc., M.I1.E.E., A.M.I.Mech.E., 
M.LH.V.E., and Mr. R. SHEARER, M.I.Mech.E., 
have been elected members of the Electricity Consulta- 
tive Council for the South of Scotland District. 


Mr. R. Q. WILSON has been appointed United 
Kingdom representative for the Battelle Memorial 
Institute, Columbus, Ohio, U.S.A. He will be in 
charge of the Institute’s registered office in London, 
at 46 Bryanston-street, W.1. 

Mr. H. F. Hopcson, Mr. A. F. GApssy, Mr. R. L. 
Swan and Mr. F. A. THomas have been elected 
directors of the Lincoln Electric Co. Ltd., Welwyn 
Garden City, Hertfordshire, of which Mr. R. E. 
CursHaM is chairman and managing director. 

Mr. E. R. WILKINSON, M.I.E.E., M.I.Mech.E., 
commercial manager of the Central Electricity 
Authority, has completed his mission on behalf of the 
International Bank for Reconstruction and Develop- 
ment and has returned to this country. 

Under the terms of the scheme to commemorate 
the late Lord Rutherford of Nelson, the Council of 
the Royal Society, Burlington House, London, W.1, 
have appointed Mr. N. W. TANNER, a graduate of 
the University of Melbourne, as a Rutherford 
Scholar for three years from October 1, 1955, to 
carry Out research in nuclear physics at the Cavendish 
Laboratory, Cambridge. 

Awards under the Royal Society and Nuffield 
Foundation Commonwealth Bursaries Scheme have 

mn made, among others to Dr. M. Davies of the 
University of Wales, Aberystwyth, to enable him to 
visit Sydney to work on molecular structure and in 
other fields; to PROFEssoR S. R. PALiT, of Calcutta, 
‘0 enable him to study the use of radioactive com- 
pounds and other matters at Birmingham and else- 

fre; and to PROFESSOR J. B. WARREN, of the 
University of British Columbia, to enable him to visit 
Canberra to study the photodisintegration of nuclei. 

Mr. W. N. Dotey, O.B.E., territorial manager to 
the Dunlop Rubber Co. Ltd., in Belgium and Hol- 
land, has retired after more than 36 years of service 
with the company. Mr. R. C. BLOxHAM, manager of 
the Dunlop overseas division’s commercial relations 
’ meni, has been made export sales manager 
S Dunlop Special Products Ltd., Allington House, 

Kctoria, | ondon, S.W.1. 


Mr. A. N. D. Kerr, A.M.LE.E., has been 


qromntec strict engineer, in Bristol, of the Electric 

Onstruc' n Co. Ltd., Wolverhampton. He will 
Cover the counties of Gloucester, Hereford and 
Somerset, 


COMMERCIAL 


As announced in our issue of December 31, 1954, 
three subsidiary companies of VicKERS-ARMSTRONGS 
Ltp. have been formed, namely, VickKERS-ARM- 
STRONGS (AIRCRAFT) LTD., VICKERS-ARMSTRONGS 
(ENGINEERS) LTD., and VICKERS-ARMSTRONGS (SHIP- 
BUILDERS) Ltp. As from July 1, the board of Vickers- 
Armstrongs Aircraft Ltd., will comprise: MAJOR- 
GENERAL C. A. L. DUNPHIE (chairman) Mr. G. R. 
EDWARDs (managing director) and Mr. J. ANDERSON, 
Mr. T. GAMMON, Mr. E. J. WADDINGTON and Mr. 
R. P. H. YApp. The board ‘of Vickers-Armstrongs 
(Engineers) Ltd. will comprise: MAJOR-GENERAL 
C. A. L. DUNPHIE (chairman), Mr. P. H. MUIRHEAD 
(managing director), Mr. F. P. Laurens (deputy 
managing director) and REAR-ADMIRAL SIR ANTHONY 
BUZZARD, Bt., Mr. P. H. Carey, Mr. A. H. Hirp, 
Mr. J. R. Ketty, Mr. W. D. Opner, Mr. E. J. 
WADDINGTON, Mr. A. P. WICKENS, and Mr. R. P. H. 
Yapp. The board of Vickers-Armstrongs (Ship- 
builders) Ltd. will consist of: MAJOR-GENERAL 
C. A. L. DumpHiE (chairman), Mr. G. H. HOULDEN 
(managing director) and REAR-ADMIRAL SIR ANTHONY 
BUZZARD, Bt., Compr. M. CUNNINGHAM, Mr. F. P. 
LAURENS, Mr. F. D. STICKLAND, Mr. E. J. Wap- 
DINGTON and Mr. R. P. H. Yapp. Mr. P. H. 
Carey, Mr. T. GAMMON, Mr. J. R. KELLY and Mr. 
W. D. OpHER will vacate their seats on the board of 
Vickers-Armstrongs Ltd., on their appointment to 
one or other of the new companies. The other 
directors of Vickers-Armstrongs Ltd. will remain on 
the board of that company. Mr. E. P. TOMLINSON 
is secretary of the parent company and the three 
subsidiary companies. 

TECHNICAL DesiGns Ltp., a firm specialising in 
technical publicity, 46 Brook-street, London, W.1, 
inform us that they have added to their organisation 
an electronics department which covers all appli- 
cations of this science. 

BAKER PLATINUM LtTp., HANOvIA Propucts LTD., 
and HaANoviA Ltp. have merged as one company 
under the name ENGELHARD INDusTRIES LTD. The 
following names will now be used: BAKER PLATINUM 
DivisiON ENGELHARD INDusTRIES LTp., 52 High 
Holborn, London, W.C.1; HANoviA PRODUCTS 
CERAMICS DIVISION ENGELHARD INDUSTRIES LTD., 
146 Vauxhall-street, Kennington, S.E.11; and 
HANoviA Lamps DIvISION ENGELHARD INDUSTRIES 
Lrtp., Bath-road, Slough, Buckinghamshire. 

The Leeds office of the ExporT CREDITS GUARAN- 
TEE DEPARTMENT took over new premises at Weet- 
wood Chambers, 93a Albion-street, Leeds, 1 (Tele- 
phone: Leeds 30082) on June 2. 

A new headquarters and sales organisation of the 
GENERAL ELEctric Co. Ltp., in the Midlands has 
been opened at Magnet House, Newhall-street, 
Birmingham. 

T. Smitron & Co. Ltp. have moved from their 
old premises in Watery-lane, Birmingham, to Bar- 
clays Bank Buildings, Sheepcote-street, Birmingham, 
15 (Telephone: Midland 7301). 

Mr. E. L. SmirH has formed a company, LEONARD 
SmiTH (ENGINEERS) Ltp., Abford House, Wilton- 
road, Victoria, London, S.W.1 (Telephone: VICtoria 
2793-4). The company will undertake the design 
and fabrication of plant for the chemical, brewery, 
foodstuffs and dairy industries. 

The address of DoNviN INSTRUMENTS LTD. is now 
Electrin Works, Winchester-street, Acton, London, 
W.3 (Telephone: ACOrn 4995). 

A company, styled BEN THORNTON AND PARTNERS 
Ltp., 39 Victoria-street, London, S.W.1 (Telephone: 
ABBey 7521) has been formed by Mr. B. THORNTON, 
M.I.Mech.E., and Mr. J. Brown, C.B.E., to carry 
out light, medium and heavy welding of all types and 
the erection, on site, of plant for the iron and steel, 
non-ferrous metal, gas and chemical industries. 


xk k 


CONTRACTS 


Coke Oven and By-Products Plant. A contract 
valued at more than £2 million for the construction 
of a new coke-oven and by-product plant at Murton 
has been awarded to WooDALL-DUCKHAM CON- 
STRUCTION Co. Ltp., Woodall-Duckham House, 
63-77 Brompton-road, London, S.W.3, by the 
Durham Division, National Coal Board, Newcastle- 
upon-Tyne. The new plant will comprise 50 
ovens of the same type as those put into operation 
at Fishburn a year ago and a detailed, illustrated 
description of which appeared in our columns at 
that time. The new ovens will deal with 1,000 tons 
of coal a day, producing 250,000 tons of metallur- 
gical coke annually, as well as 74 million cub. ft. of 
purified gas daily for the gas grid. The by- 
products will include more than one million 
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gallons of crude benzol annually. The project is 
scheduled for completion by September, 1958. 

ting-Oil . The Iraq Government 
have awarded a contract for the design, supply 
and construction of a complete lubricating-oil 
refinery to FosTER WHEELER Ltp. The plant will 
produce 25,000 metric tons of high-grade lubri- 
cants per annum. 

Electric Cable. The South of Scotland Electricity 
Board have awarded ENFIELD CaBLeEs L1p., 
Victoria House, Southampton-row, London, W.C.1, 
a contract to the value of about £130,000 for the 
supply and installation of cables between Dal- 
marnock 132-kV grid substation and Charlotte- 
street substation, Glasgow. The installation com- 
prises two 132-kV pipeline compression cable 
circuits, each suitable for a continuous rating of 
136 MVA, together with associated auxiliary 
= for an approximate route length of 3,600 
yards. 

Pneumatic Grain Elevators. As part of the modernis- 
ation scheme undertaken by the British Transport 
Commission at the Port of Hull, additional handl- 
ing equipment for grain is being installed, and 
SPENCER (MELKSHAM) LTD., have received an order 
for four fully-automatic travelling pneumatic 
elevators for taking in grain from ships at the Port. 
The handling capacity of each is 120 to 150 tons 
an hour, and remote controls will enable every 
movement of the elevator, including traversing, 
slewing, luffing and telescoping, to be in the hands 
of one operator situated at a vantage point on 
the ship above the holds where the unloading 
operation is taking place. 

Diesel-Electric Marine Propulsion Machinery. 
order has been placed by Messrs. J. Charters, 
with the GENERAL ELectric Co. Ltp., Magnet 
House, Kingsway, London, W.C.2, for the Diesel- 
electric propulsion and auxiliary-power equipment 
of an 800-ton research ship to be built by FLEMING 
AND FERGUSON LtD., Paisley, for the Falkland 
Islands Dependencies Survey. The installation 
will comprise two main engine-generator sets 
driven by NATIONAL Gas Diesel engines and supply- 
ing power to a 1,450-s.h.p. double-armature motor 
driving a single screw. The main generator excita- 
tion and auxiliary services will be supplied by 
two 200-kW engine-generator sets, also driven by 
NATIONAL GAS engines. 


xk * 


LONDON’S HELICOPTER 
TERMINAL 


Decking over Railway Lines 


Construction of the helicopter landing-stage over 
London Transport’s so-called Cromwell Curve 
is to begin early next year. Cromwell Curve is 
a triangular area of about 64 acres formed by the 
convergence of the District and Circle Lines 
between Gloucester Road, Earls Court and 
High Street Kensington stations. Both these 
lines were built by cut-and-cover methods but 
no buildings were erected over the area. 

The new decking, which will be of reinforced 
concrete supported by a steel frame and columns, 
will cover a little more than half the total area. 
It will be at a height of approximately 21 ft. 
above rail level and will have a road connection 
at one corner into Cromwell-road. London 
Transport is acting as agent for British European 
Airways in this project and will design and 
supervise the construction of the decking only. 
The first half, covering the western end of the 
staging, is expected to be ready by the spring of 
1957 and this will allow the erection of temporary 
buildings of a light nature. The handing over 
of the finished deck for erection of permanent 
buildings is expected to take place in the middle 
of 1958. 

xk k * 


COURSE IN FUEL EFFICIENCY 


A residential refresher course for works and 
plant engineers is to be held, under the auspices 
of the National Industrial Fuel Efficiency 
Service and with the support of the Southern 
Regional Council for Further Education, at the 
Clarendon Laboratory, Oxford, from September 
26 to September 30. Programmes, registration 
forms and any further information can be 
obtained from the course secretary, Mr. E. S. 
Watkin, 181 Kings-road, Reading, Berkshire. 
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International Internal-Combustion Engine Congress 


DIESEL ENGINES FOR RAILWAYS 


The International Internal Combustion Engine 
Congress which was held at The Hague, from May 
23 to 28, under the auspices of the Dutch Associa- 
tion of Metal-Working Industries, and the 
patronage of H.R.H. the Prince of the Netherlands, 
attracted a notably large and _ representative 
attendance. Fifteen countries sent delegates to 
it and the number of participants, which, including 
175 ladies, exceeded 650, taxed the capacity even 
of the Kurhaus at Scheveningen, where the 
technical sessions were held. Twenty-eight papers 
were discussed, these being divided into three 
sections, dealing, respectively, with railway 
traction (14 papers), general applications of 
internal-combustion engines (four papers) and 
marine and stationary applications (ten papers). 
The President of the Congress, was Mr. Paul C. 
Tharlet, who is the President of the Permanent 
Committee of the Congres International des 
Moteurs a& Combustion Interne. 


The Congress was opened by a formal inaugural 
session in the historic Ridderzaal, the ‘* Hall of 
the Knights,” at The Hague, at which the 
delegates were welcomed by Heer J. Goedkoop, 
the Dean of the Congress, by Heer F. M. A. 
Schokking, Burgomaster of The Hague, by the 
President, and, finally, by His Excellency 
Professor J. Zijlstra, Minister of Economic 
Affairs, representing the Netherlands Govern- 
ment. These proceedings occupied the morning 
of May 23, and in the afternoon the Congress 
turned at once to business in the first of seven 
technical sessions, which were concluded in the 
afternoon of May 26. 


DESIGN REQUIREMENTS 


Mr. F. Q. den Hollander, President of the 
Netherlands Railways, took the chair at the first 
of the technical sessions, at which five papers were 
presented. The initial paper, by Ir. J. Kater, 
chief engineer of the Netherlands Railways, 
discussed the importance of the international 
rules for the construction of Diesel engines for 
rail traction, as contained in the brochure No. 
623 of the Union Internationale des Chemins 
de Fer. To some extent, the paper was of the 
nature of a record, but it also indicated certain 
questions affecting the design and construction 
of such engines, to which, it was suggested, 
engine-builders might give further consideration; 
for example, the optimum power per unit of 
cylinder volume, mean effective pressure, piston 
speed, the desirability of cooling the air in 
supercharged engines, the possibility of applying 
air cooling to the cylinders of high-powered 
engines, and the cooling of pistons. 

The second paper, by Mr. Ch. Tourneur, chief 
engineer of the French Railways, bore the title 
“*Le Dévelopement des Moteurs Diesel de 
Traction,” which suggested an historical survey; 
but, in fact, the paper was a review of the 
principal types in current use in Germany, 
Great Britain, Denmark, the United States, 
France, Italy, Holland and Switzerland. It was 
accompanied by a table listing the main dimen- 
sions and characteristics of the engines referred 
to. The author remarked on the fact that, in 
Europe, all the engines specially constructed for 
rail traction were of the four-stroke type, whereas, 
in the United States, where Diesel engines now 
handled about 80 per cent. of the traffic, two 
of the four leading makers built two-stroke 
engines. One of these two-stroke types, that of 
the General Motors Corporation, was the most 
widely used of any on the American railway 
system. 

Dipl. Ing. August Brand, of the German 
Federal Railways, contributed the third paper, 
on “ High-speed Diesel Engines used as Prime 
Movers in Rail Vehicles with Different Types of 
Transmission.” It dealt mainly wtih two 
types, respectively developing 800 h.p. at 1,400 
r.p.m. and 1,000 h.p. at 1,500 r.p.m., which have 
been put into service since 1945, and described 


them in some detail, with particulars of their 
performance in service and the results of 
periodical inspections. wes 

The paper contributed by Dott. Ing. Luigi 
Slaghek, of Messrs. Ansaldo, Genoa, describing 
that firm’s experience with rail-traction Diesel 
engines, was more fully illustrated than those 
which preceded it, there being nine diagrams 
giving performance curves, etc., for typical 
engines ranging in size from 225 to 1,200 h.p. 
All of the engines were of the Maybach type, 
built under licence. It was stated that the full 
range numbered 16 sizes, from 200 h.p. to 
2,000 h.p., and was in accordance with the 
classification established by the Office des 
Recherches et Essais of the Union Internationale 
des Chemins de Fer. 

The fifth paper, and the last to be considered 
at the first technical session, described ‘‘ Main- 
tenance Techniques employed in Diesel-Electric 
Locomotive Repair Shops of United States 
Railroads ” and was presented by Mr. William J. 
Fritton, vice-president of the Van der Horst 
Corporation of America. This was one of the 
more valuable papers submitted to the Congress, 
giving in considerable detail the overhaul 
techniques developed in a shop previously devoted 
to the repair of steam locomotives. The 
procedure described was for a major overhaul 
after eight years in service, involving the complete 
stripping of the locomotive as well as of the 
Diesel engine and generator. The author 
mentioned that the first Diesel-electric locomotive 
to be used on a United States railroad, which went 
into service in 1924, on the Central Railroad of 
New Jersey, was still at work. It is noteworthy 
that, whereas the German Federal Railways were 
stated by Dipl. Ing. Brand to arrange their 
overhauls on a basis of distance run, Mr. Fritton 
said that American practice was to use a time 
basis in all but a few instances. 

The discussion on the papers in this first 
group ranged widely, One speaker commented 
on the lack of a precise definition of the “ con- 
tinuous output ” of a Diesel engine; customers 
asked for it, but what was it? Another suggested 
that the Congress should consider the standard- 
isation of Diesel engines used for military pur- 
poses, throughout Europe, in order to reduce 
the number of spare parts. A definition of 
** completely run-in ’” was also sought; bearings 
of modern design, it was pointed out, needed 
very little running-in, but there was no quick way 
to run-in piston rings. Steel-shell bearings, 
lined with lead-bronze and white metal, had 
given a life in service of 800,000 km. 


SUPERCHARGING 


The discussion of papers on railway traction 
was resumed at the second technical session, in 
the morning of May 24, when the chair was taken 
by Mr. M. Zwicky, chief engineer of Sulzer 
Brothers, Winterthur. Four papers were con- 
sidered, these being by Professor E. Sérensen, of 
Augsburg, on “ High-pressure-charged Engines 
for Railroad Operation”; by Dr. R. de Pieri, 
principal director of Messrs. Fiat, Turin, on 
“ Four-stroke and Two-stroke cycle Diesel 
Engines for High-powered Locomotives’; by 
Ir. A. H. de Klerck, chief engineer of Werkspoor 
N.V., Amsterdam, on ‘“ Exhaust-gas Turbo- 
charged Four-stroke High-speed Rail Traction 
Engines with Whirl Combustion Chambers ”’; 
and by Mr. D, M. Pearce, of Davey, Paxman and 
Company, Limited, on “‘ The Paxman ‘ Hi-Dyne’ 
Engine for Diesel Traction.” 

Dr. S6rensen’s paper described five types of 
engine which had been developed or were in 
process of development by the M.A.N. Company, 
of Augsburg, four for rail traction and one for 
heavy road vehicles, but suitable also for railcars. 
They comprised a high-speed V-type super- 
charged engine with 12 cylinders, delivering 
1,000 h.p. at 1,500 r.p.m. and fitted with hydraulic 
transmission; an eight-cylinder in-line engine 
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delivering 1,000 h.p. at 900 r.p.m., als super- 
charged; the RV 24/30 type, giving 240 h.p. at 
400 r.p.m., which is now fairly well kn WN; a 
similar engine, with high-pressure superc larging, 
designed to run at 1,500 r.p.m., now under 
construction; and the truck engine pr: viously 
mentioned. The M.A.N. Company, who are 
believers in supercharging, have de veloped 
charging blowers for all their engine types, and 
curves were given in the paper, showing test 
results with supercharging up to 16 kg. per 
square centimetre mean effective pressure. 

Dr. de Pieri, after comparing the general con- 
siderations underlying the use for railway pur- 
poses of four-stroke and two-stroke Diesel 
engines, and giving, in two tables, particulars of 
those now in service in Europe and the United 
States, described in broad outline the Fiat 
1516MX “ polygonal” engine, in which four 
groups of eight cylinders, 150 mm. bore and 
150 mm. stroke, are arranged in an almost 
square plan and elevation, the pistons driving 
through four four-crank crankshafts and spiral- 
bevel gears to two intermediate shafts which 
are connected in turn by gearing to the ouput 
shaft, running at 1,000 to 1,200 r.p.m. The 
designed horse-power is 1,400 to 1,500. Dr. de 
Pieri stated that tests of the prototype were still 
incomplete, but that powers approximating to 
the design figure had been obtained. 


HIGH SPEED ENGINES 


The high-speed engines described by Mr. de 
Klerck were mainly of the V type, and are in use 
on the Netherlands and other railways. They 
are supplied either for normal pressure-charging 
or for high pressure-charging, with exhaust 
turbo-blowers, and cover a power range from 
400 to 2,500 brake horse-power.. They are 
fitted with Ricardo cylinder-heads of the Comet 
Mark III type. An interesting feature of the 
paper was the discussion of the mounting and 
driving of engine auxiliaries, and the problems 
that could arise from varying traffic conditions. 
Experience had shown, Mr. de Klerck stated, 
that engines with the Ricardo whirl combustion 
chamber were well suited to exhaust-gas pressure- 
charging, and that the brake mean effective 
pressure of 12 kg. per square centimetre, which 
had been attained, did not represent the limit in 
that direction. Attention would have to be paid 
to improved inter-cooling, especially with high 
ambient temperatures. 

Mr. Pearce’s paper dealt with the “* Hi-Dyne é 
principle of controlling the torque of an engine 
to suit the load over the operating speed range; 
this is achieved by varying the amount of fuel 
and air that enters the cylinders so that, as the 
engine speed falls, the torque rises at a rate that 
will maintain a nearly constant power output. 
By using an engine on this principle in con- 
junction with a Dual Fluidrive gearbox, a step- 
less tractive-effort curve can be obtained with 
no loss of tractive effort while changing gear. 
The paper showed some results obtained with 
such a combination in a 30-ton shunting loco- 
motive fitted with a 250-h.p. engine operating 
over a speed range of 2 : 1. 

In the course of the discussion on papers 6 
to 9, Dr. Sérensen was asked whether he had 
any experience of the use of a supercharger as 4 
brake, but replied that he had not. The experi 
mental Fiat engine was criticised for having 4s 
many as 32 cylinders. In reply to a query 
regarding the compression ratios of the Werkspoor 
engines described by Mr. de Klerck, the author 
stated that the smaller engine had a compression 
ratio of 15-8 when cold and 16-8 when hot, 
the corresponding figures for the larger engine 
were 14:7 and 15-7. Mr. Pearce was asked 
whether the overall efficiency of an electric drive 
would be affected if this form of drive were used 
in conjunction with a Hi-Dyne engine. 
reply was that there would be a reduction in the 
power output, but the fuel economy would be 
better than with a conventional engine. The 
Hi-Dyne engine needed fewer gear ratios; am 
there was the advantage that a Diesel-mechanica 
drive required only mechanical mainten«nce. 

(To be continued) 
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TRADE PUBLICATIONS 


Copies of «ny of the following trade publications are 
obtainable ‘rom the addresses given, though distribution 
is sometin , restricted. 


Machine fools. F. J. Epwarps Ltp., 359-361 
Euston-road, London, N.W.1. Complete descrip- 
tions with illustrations of comprehensive range 
of new and used machine tools and accessories, 
including lathes, milling and grinding machines, 
jig borers, gear cutters, engravers, planers, sheet- 
metal presses, woodworking machinery, portable 
electric ools, tin-box making machines, chucks, 
dividing heads, vices and furnaces. Showrooms 
at F. J. Edwards Machine Centre, Islington Park- 
street, London, N.1, where a machine-tool exhibi- 
tion has recently been held. Illustrated catalogue 
(MT555). 

Building Surfacing Material. Pyrox, Ltp., 401- 
404 Montrose-avenue, Trading Estate, Slough. 
“ Pyrok ” is a stable, non-crazing coating that can 
be applied to many building materials; has thermal, 
fire-protection and anti-condensation qualities. 
Coating applied by spray gun. Illustrated booklet 
describing development, properties and marketing 
of the product. 


Hygrometric, Temperature and Flow-Measuring 
Instruments. OPANCOL Ltp., 3-4 Sherwood-street, 
London, W.1. List of instruments made by 
WILHELM LAMBRECHT, Goettingen, West Germany, 
and descriptive leaflet on Lambrecht flow meter 
for measuring gas velocities from 0 to 40 metres per 
second. 


Protective Screens. THE COLEMAN-WALLWORK Co., 
Ltp., Stotfold, Arlesey, Bedfordshire. Screens, 
for use where fettling and similar work is carried 
out, to prevent injuries from flying fragments; 
constructed from sheet steel and close steel mesh; 
mounted on castors. Illustrated leaflet. (This 
corrects paragraph in issue of May 6). 


Unit Scaffolding. KwikrorM Ltp., Waterloo-road, 
Birmingham, 25. Unit scaffolding based on use 
of braced H-frames, adjustable bases, Putlog 
couplers and guard-rail standards together with 
standard steel tubes as required. Description of 
pieces and of completed contracts. Illustrated 
leaflet. 


Vibration Generator. GOODMANS INDUSTRIES, LTD., 
Axiom Works, Wembley, Middlesex. Modelj16/600 
generator of dual armature design with peak force 
of 500 Ib.; frequency range, up to 1,000 cycles per 
second; dust proofed and supplied with electrically 
operated air blowers. Provisional technical data 
sheet T.D.S. V.5. 


Exfoliated Vermiculite. THE Cape AsBestos Co. 
Lrp., 114-116 Park-street, London, W.1. ‘* Ver- 
miculux ” insulating material, suitable for temper- 
atures from well below zero to 2,000 deg. F.; for 
use as a loose fill or for making up aggregates. 
Illustrated leaflet with brief technical data. 


The Gypsum Journal. THE GyYPsuUM BUILDING 
Propucts ASSOCIATION, 25 Lower Belgrave-street, 
London, S.W.1. Gypsum plasterboard and _ its 
uses for fire protection and thermal insulation; 
fires and their causes. Illustrated booklet, No. 1 of 
new association journal. 


Rubber and Ebonite Mouldings. REDFERN’s RUBBER 
Works, Ltp., Hyde, Cheshire. Planning and 
production of mouldings, selection of material, 
examples of rubber and ebonite mouldings, proper- 
ties of rubber, synthetic rubber and ebonite. 
Illustrated booklet. 

Cotton Strapping Tape. P. P. PAYNE & Sons, LTp., 
Haydn-road, Nottingham. ‘ Rippatape,”  self- 
adhesive cotton strapping tape for sealing con- 
tainers, carton closure and reinforcement, holding 
and bundling, labelling etc.; hand dispenser for 
Rippatape. Two illustrated leaflets. 

Rubber in Roads. BRITISH RUBBER DEVELOPMENT 
Boarp. Market Buildings, Mark-lane, London, 
E.C.3. Brief report describing 9-month trial 
of rubberised-asphalt road surface; comparisons 
— non-rubberised control sections. Illustrated 
leaflet. 


Counters. B. & F. CARTER & Co. Ltp., Albion Works, 
Bolton. Illustrated leaflet giving specifications 
of ratchet or revolution counters and speed indi- 
cator 

Printed Circuit Layouts. PRINTED Circuits Ltp., 
Wha. oat-street, London, N.4. Notes for design 
€nginc-rs on the layout of Plasmet continuous 
coppe"-etched wiring circuits. Leaflet. 

Radio ( >mponents. DerF Rapio Co., 17 Hudson- 
Street. New York 13, New York, U.S.A. Resistors, 
Capac ‘ors, switches, valve holders, potentiometers, 
etc. ‘lustrated price list, with types and sizes. 


Book Reviews 


A NEW APPROACH TO STRESS AND 
STRAIN 


Analysis of Deformation. Volume I: Mathe- 
matical Theory; Volume II: Experiment and 
Applied Theory. By KEITH SWAINGER. Chap- 
man and Hall, Limited, 37 Essex-street, London, 
W.C.2. (Vol. I, 63s.; vol. II, 70s.) 


The theory of the behaviour of solid substances 
under relatively high stresses has been developed 
gradually, but with increasing impetus in recent 
years, from the classical theory of elasticity. 
At the present time this theory finds its most 
developed form in the plastic deformation of 
metals, and this is widely accepted by engineers 
and others in most countries because, at ordinary 
temperatures, it has been found to provide a 
reasonably reliable means of predicting the 
behaviour of common metals under conditions 
of quasi-static non-uniform loading. The litera- 
ture on the subject is comprehensive, and to it 
Dr. Swainger contributes these two books as 
part of a series in which he proposes to formulate 
and establish the results of studies undertaken 
by him during the past decade. 

His general ideas on the subject deservedly 
receive detailed consideration in the early chap- 
ters of volume I, in regard to displacement, stress, 
strain, and the thermal effects of deformation. 
For those who are unacquainted with the vector 
analysis of Heaviside and Gibbs, a summary of 
the relevant operations and operators is given in 
appendices at the end of the text in each book. 
Leaving the solution of the equations and the 
matter of boundary conditions for later examina- 
tion, the author then proceeds to bring under 
review substances that may be classified as 
isotropic elastic, or visco-elastic isotropic, or 
elasto-plastic isotropic, and, the phenomenon 
of yield in metals. 

Although the usual topics thus find their place 
in the first of these books, the underlying ideas 
differ materially from those held by many autho- 
rities on the subject, as is pointed out in the text. 
On the fundamentals, the classical theory of 
infinitesimal elastic strain is here stated to be 
insufficiently restrictive on the theoretical distri- 
bution of complex stresses. Accordingly, in the 
discussion on isotropic-elastic solids the com- 
ponents of displacement are taken to be harmonic, 
and not bi-harmonic as in the classical theory. 
Further, when there are no body forces, the 
divergence of the resultant stress-vector operating 
over octahedral planes is found to be zero. 
Furthermore, on the more general problem of the 
plastic deformation of metals, the theory rests 
on the supposition that the ratios of the com- 
ponents of an infinitesimal increment of strain 
depend only on the ratios of the components of 
the increments of stress, but not in any way on 
the stress itself. 

The importance of using the whole field of 
stress of the deformable body as a reference for 
the observation of stress-strain relations, instead 
of a reference fixed in space, is a point that 
receives further attention in volume II, in one 
of the two chapters on the matter of stress in one 
direction. Since the aim in this volume is to 
examine the available experimental evidence for 
the equilibrium deformation of solids with 
various boundary conditions, much space is 
naturally devoted to the problem of stress in 
two dimensions, whether homogeneous or hetero- 
geneous; and to such details as the equations 
for solution in the case of heterogeneous stress, 
and theoretical examples. This is as it should 
be, since this problem enters very largely into 
the experimental verification of the available 
theories. 

At this stage of the treatment, however, the 
theory leads to remarkable conclusions, in that 
the author’s inferences from experiment do not 
agree with those drawn by Prandtl, Nadai, Hill, 
Prager, and other workers in the same field of 


research. In the discussion on the interpretation 
of tests by E. A. Davis, on specimens of copper 
and steel, for instance, after expressing the 
opinion that the plastic modulus of steel is a 
function of octahedral normal stress for a given 
value of octahedral shear stress, the author 
states that “ This controverts the hypothesis 
of other writers that plastic stress-strain relations 
are independent of octahedral normal stress. 
Such an hypothesis has arisen from an idea that, 
since the first stress invariant, and hence octa- 
hedral normal stress, is isotropic, or invariant 
with re-orientation of axes, it will have the same 
physical effect of not influencing plastic straining 
just as is found experimentally for isotropic, 
hydrostatic pressure. In fact, the first stress 
invariant and hydrostatic pressure (apart from 
sign) are similar in merely a mathematical sense 
but are physically different. The first stress 
invariant has three directional components, in 
general, whereas hydrostatic pressure is truly 
scalar in character.” The resoluton of these and 
other differences of view in this treatment will 
be a task of some difficulty for all who are not 
familiar with the dyadic notation. As this is an 
essential task for the serious reader, it is a 
matter for regret that Dr. Swainger has not found 
it convenient to express himself in simpler terms, 
for he has evidently given a great deal of thought 
to the development of his theory, as is shown 
further in chapters IX to XII, on stress in three 
dimensions, the deformation of rubber, and a 
theory of shearing in the case of plane laminae 
which leads to an instructive analogy with the 
two-dimensional flow of an inviscid, irrotational, 
incompressible fluid. 

Altogether, the work is a notable achievement 
on the part of the author. The question which it 
leaves unanswered is an awkward one: for 
whom are these books intended? Clearly they 
will be of great value to the applied mathe- 
matician who is satisfied with the analytical 
framework of the theory. The physicist or the 
engineer, who is able to operate with dyadics, 
may wish to use them as works of reference, 
but the interdependence of the various chapters 
makes it necessary to read far more than the 
single section in which he is interested. Yet 
the reading of these books—in small, rather than 
large, doses—will be an excellent training for all 
who desire to understand this presentation of 
the subject. 


*& & & 


BOOKS RECEIVED 


Some of the books noticed here are selected for 
extended review in ENGINEERING. 


Recent Advances in Steel Technology and Market 
Development, 1954. Prepared by the Industry 
Division, Economic Commission for Europe. 
European Office of the United Nations, Palais des 
Nations, Geneva, Switzerland. (2 Swiss francs); 
and H.M. Stationery Office, Kingsway, London, 
W.C.2. (3s. 9d.) (The subject of comment in 
the issue of May 6, page 550.) 


Handbook of the Collection Illustrating Temperature 
Measurement and Control. Part II: Catalogue 
of Exhibits with Descriptive Notes. By J. A. 
CHALDECOTT. Science Museum, South Kensington, 
London, S.W.7; and H.M. Stationery Office, 
Kingsway, London, W.C.2. (3s. 6d.) 


This handbook contains detailed descriptions of all 
the items relating to temperature measurement and 
control in the Science Museum. The items can be 
classified under the following headings: thermo- 
scopes, early thermometers and indicators for specific 
temperatures; 17th and 18th century thermometers; 
liquid and metallic expansion thermometers; electricai 
resistance pyrometers; optical and total radiation 
pyrometers; miscellaneous pyrometers for measure- 
ment of temperatures beyond the range of ordinary 
mercury-in-glass thermometers; temperature recor- 
ders; thermostats, 
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NON-FERROUS METALS 
Results of Modern Research 


Various chemical methods of extracting metals 
by wet processes from complex or mixed ores 
or scrap are now being developed, utilising 
precipitation and other techniques, and it 
appears possible that, as a result, nickel, copper 
and other metals may become available in large 
quantities in powder form. The _ industrial 
future of these methods will depend largely on 
the economic and technical value of the pro- 
cedures available for converting these powders 
into semi-finished products. 


ROLLING STRIP FROM METAL 
POWDER 


The British Non-Ferrous Metals Research 
Association have taken this matter in hand 
recently and have undertaken an exploratory 
research on the direct rolling of thin strip from 
copper powder. The progress made was shown 
to H.R.H. The Duke of Edinburgh and other 
visitors during a series of “* Open Days,” held to 
mark the 25th anniversary of the establishment of 
the Association’s laboratories at Euston Street, 
London, N.W.1. In the method now employed 
the metal powder is simply poured into a gap 
between a pair of rotating rolls and this treat- 
ment compacts it into a strip strong enough to 
be handled carefully. After heating and further 
rolling, the strength of the strip is stated to be 
similar to that obtaining from metal rolled from 
a cast ingot. A specimen shown to our repre- 
sentative appeared, on superficial examination, 
to be as good as normal copper strip. 

The production of strip and wire from metal 
powder, of course, is not new. The method was 
used many years ago when platinum was first 
made and it is now employed for producing 
tungsten-lamp filaments and many other products. 
It is usual, however, to press the powder first 
into a briquette or rod which is then strengthened 
by heating to bond the powder together. The 
sintered material is finally worked down to wire 
or strip. The new process of rolling the powder 
directly into strip is much simpler and may lead, 
therefore, to important industrial and commercial 
developments. 


ELECTROPLATING PROBLEMS 


Firms carrying out electroplating have had 
some difficult problems to face in recent years. 
Not only have there been restrictions on the use 
of nickel—even now supplies are short, but 
labour, particularly for polishing, has been 
difficult to obtain and keep. For many years 
it was found necessary to buff the underlying 
nickel plating before applying the final flash 
plating of chromium. To overcome the dearth 
of polishers, nickel plating solutions containing 
complex organic agents which produce inherently 
smooth and bright deposits have been gradually 
adopted, and poor performance in subsequent 
service, including the occasional cracking of the 
plated deposit, has been blamed on these modern 
solutions. To investigate the matter thoroughly, 
two electroplating lines have been set up in the 
Association’s laboratories, each carrying one of 
the two most commonly-employed modern 
solutions, and these are being run as production 
plants for the plating of motor-car bumper-bar 
over-riders. The study of the service behaviour 
of the plating has not yet been completed, but 
already it has been found that, when properly 
handled and if adequate control is maintained, 
it is possible to keep these plating solutions 
working for many weeks producing deposits of 
good appearance and free from cracks and other 
defects. 


TITANIUM 


The Association is developing titanium alloys 
suitable for such parts as the rotors of gas-turbine 
air compressors. The rotors of these com- 
pressors which run at very high speeds, generate 
large centrifugal forces and to keep these forces 
as low as possible, the rotor parts are made of 
the lightest materials available. : Titanium alloys 


are being considered because they have the 
advantage of lightness, coupled with high 
strength at temperatures up to a dull red heat. 
Molten titanium will combine with nitrogen, 
oxygen, carbon and most refractory materials, 
all of which affect the properties of the metal. 
In the Association’s laboratory ingots are made 
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by melting small buttons of titanium, which 
has a melting point of over 1,600 deg. >. in an 
arc furnace between tungsten electrod: and in 
an atmosphere of argon. The molten titanium 
falls on to a cold slab of copper and radually 
builds up into an ingot which can be forged and 
rolled into strip. 


Iron and Steel Institute Annual General Meeting (concluded from page 692) 


ATTACK ON METALS BY VANADIUM 
PENTOXIDE 


THE SCALING AND CORROSION OF GAS-TURBINE 
BLADES 


The last technical session of the recent two-day 
London annual general meeting of the Iron 
and Steel Institute was held on the afternoon 
of Thursday, April 28, when two papers dealing 
with the attack on metals and alloys by vanadium 
pentoxide were presented and subsequently 
jointly discussed. 

The chairman for the session was Dr. J. W. 
Jenkin, a member of Council of the Institute. 

The first paper, entitled “‘ The Liquidus of 
Metal-Oxide/V.0, Systems and the Mechanism 
of Accelerated Attack on Metals by Vanadium 
Pentoxide,” was by Dr. G. Lucas, Mrs. M. 
Weddle and Professor A. Preece. It contained an 
account of work conducted in the Department 
of Metallurgy at King’s College, University of 
Durham. The authors stated that, in a general 
study of the corrosion of gas-turbine blades, 
the liquidus of a number of vanadium-pentoxide 
metal-oxide systems had been determined using 
the Seger-cone method. The oxides included 
Al,O,, BeO, CaO, Co,0,, Cr.0O,, MgO, NiO, 
CuO, Fe,0;,, ZnO and Cr,0,-NiO. 

It was clear from the results of the investiga- 
tion into the mechanism of vanadium-pentoxide 
attack that there could not be a heat-resisting 
alloy, depending on chromium for its oxidation 
resistance, capable of withstanding attack by 
vanadium pentoxide, unless some means of 
preventing the solution of vanadium ions in the 
chromic-oxide film were found. 

There seemed to be two approaches to the 
problem of preventing this type of corrosion. 
The first was the development of high-tempera- 
ture alloys dependent for their oxidation resist- 
ance on some element other than chromium, 
which would form an oxide layer unaffected by 
the presence of vanadium pentoxide. Whether 
such an oxide existed appeared to be extremely 
doubtful at the present time. A 

The second approach involved the prevention 
of the vanadium pentoxide reacting with the 
protective oxide film on the surface of a blade. 
This might be possible by adding some material 
to the fuel oil which would combine with the 
vanadium pentoxide in the combustion chamber 
to form an unreactive compound of high melting 
point. 


SCALE RESISTANCE LOWERED BY 
VANADIUM 


The second paper: ‘* Effect of the Composition 
of Gas-Turbine Alloys on Resistance to Scaling 
and to Vanadium Pentoxide Attack,” was by 
Mr. G. T. Harris, Mr. H. C. Child and Mr. J. A. 
Kerr, of the research department of William 
Jessop and Sons, Limited, Sheffield. The 
authors stated that their work showed that the 
scaling index of all the typical gas-turbine alloys 
studied increased markedly over a narrow 
temperature range depending on the alloy and 
the duration of the test. Hence the scaling 


indices determined from 70 to 1,120 hours 
enabled the useful service temperatures in air 
to be assessed. 

The effect of vanadium-pentoxide coatings 
was to lower markedly the useful service tempera- 
ture, notable exceptions being alloys rich in 
vanadium, which always had vanadium pentoxide 





present in the scale. The most important con- 
clusions of the investigation was that for alloy 
bases rich in nickel, cobalt, and chromium, 
additions of molybdenum, tungsten, niobium 
and titanium had no pronounced deleterious 
effect on scale resistance at 950 deg. C., in moving 
or still air. The addition of vanadium to such 
bases, however, lowered the scale resistance 
markedly. 

Although none of the alloys investigated 
had a satisfactory resistance to vanadium. 
pentoxide attack, some were much more resistant 
than others. In general, the resistance was a 
function of the base composition, namely, the 
Ni: Co: Fe ratio. If the iron content of the 
alloy were less than 30 per cent., the alloy 
would probably be reasonably resistant to 
vanadium-pentoxide attack, provided that the 
chromium content was at least 16 per cent. and 
the vanadium content of the alloy did not exceed 
2 per cent. 

While comparable resistance could be attained 
with higher iron contents, the other conditions 
were much more stringent and had been less 
fully studied in the present investigation. 


EFFECT OF SULPHATES 


Mr. H. T. Shirley, who opened the discussion, 
said that metallurgists were faced with the 
vanadium problem, but not only vanadium was 
involved. The question was extremely complex 
and the interactions of many other things, such 
as sulphates, either by themselves or with vana- 
dium, had a marked influence. 

In their paper, Mr. Harris, Mr. Child and Mr. 
Kerr had been cautious in their deductions. 
It was very tempting to translate laboratory data 
into practical advice to engineers, but consider- 
able difficulty might thereby be encountered 
through over-optimism. At the present, how- 
ever, laboratory tests were particularly valuable 
in pointing to dominant factors. 

The work done by Dr. Lucas, Mrs. Weddle 
and Professor Preece on melting points was very 
interesting indeed. They had shown how much 
diffusion through chromium oxide spoiled any 
protective properties which it might have been 
hoped it would have. The way in which a very 
small trace of vanadium pentoxide could spread 
itself through chromium oxide was striking. 

Mr. G. Burns said that Professor Preece 
and his co-workers had shown clearly that 
the oxidation of chromium at 700 deg. C. was 
accelerated by contact with vanadium pentoxide, 
and deduced from this that the use of chromium 
as an element conferring oxidation resistance was 
ineffective in the presence of this substance. This 
deduction seemed rather sweeping when con- 
sidered in the light of the results given by Messrs. 
Harris, Child and Kerr, which indicated that, 
though chromium did not eliminate accelerated 
oxidation in the presence of vanadium pentoxide, 
it did effect some reduction. This was suppo 
by the results of some tests at the Admiralty 
Materials Laboratory, which showed that an 
alloy containing 20 per cent. of chromium was 
substantially more resistant to oxidation in the 
presence of vanadium pentoxide than were alloys 
containing only 14 per cent. chromium. 
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In this connection, the results of analyses of 
the scale formed in a test in which there had been 
produced about 3 gm. weight gain and a very 
massive lump of scale, might be worth mention- 
ing. The scale had been separated into a number 
of layers, and each layer analysed separately. 
Unfortunately, the results varied in a quite 
irregular way from each other. However, the 
quantities of iron, nickel, cobalt, chromium 
and molybdenum present had been taken as a 
proportion © f the total content of those metals in 
the sample, and it had been found that the 
chromium and cobalt contents of the scale were 
in all cases much less than in the original alloy; 
the contents of nickel and molybdenum in the 
scale were generally somewhat higher than in the 
original alloy ; and the iron content of the scale 
was very much higher. There was one other 

int. Professor Preece and his co-workers had 
limited the temperature of their experiment with 
chromium to 700 deg. C. in order to restrict 
volatility of the vanadium pentoxide. In tests 
carried out at the Admiralty Materials Laboratory 
a sample of vanadium pentoxide had been heated 
several times to 950 deg. C. On the first heating 
and cooling cycle, the sample lost about 0-2 per 
cent. by weight, but in subsequent cycles, 
although there were curious irregularities in the 
weight during the cycle, no further loss in weight 
took place over some five or six further cycles of 
heating to 950 deg. C. It seemed possible that 
Professor Preece and his co-workers could have 
carried out their tests at a higher temperature 
if they had wished to do so. 


OIL ADDITIVE TO SUPPRESS ATTACK? 


Mr. K. Sachs said that the destruction of 
materials exposed to ashes rich in vanadium 
pentoxide, at temperatures above its melting 
point, was a very serious problem. It might be 
fair to say that no metallurigcal solution had yet 
been found, and one rarely read a paper on this 
subject by metallurgists which did not contain 
the suggestion that the oil industry would earn 
their undying gratitude if they could find an 
additive for their residual oils which would com- 
bine with vanadium pentoxide and render it 
harmless. Unfortunately, oil technologists had 
not been particularly active in producing a 
suitable “‘ miracle pill,” and in the paper by 
Dr. Lucas, Mrs. Weddle and Professor Preece 
an attempt had been made on the part of metal- 
lurgists to find a substance which could absorb 
vanadium pentoxide and form the basis of an 
oil additive. 

It was interesting to compare the results of 
Messrs. Harris, Child and Kerr with those of a 
similar investigation carried out some time ago 
by Dr. Betteridge, Mr. Lewis and himself, into 
the effect of vanadium-pentoxide contamination, 
employing both pure vanadium pentoxide and 
various mixtures with sodium sulphate, on the 
scaling resistance and stress-rupture life of alloys 
used in gas turbines, results which they hoped 
would be published in the Journal of the Institute 
of Petroleum for May. 

Their grading of the alloys in order of resist- 
ance to V.O; attack was roughly similar to that 
indicated by Messrs. Harris, Child and Kerr. 
In comparing the life-to-rupture of test bars 
catrying a coating of contaminant with that of 
clean bars, it had been found that, in alloys con- 
taining from 12 to 20 per cent. of chromium 
there was a continuous gradual improvement as 
ron was replaced by nickel. The steps were 
fairly broad, and they had not dealt particularly 
with the narrow gap, round about 25 per cent. 
nickel, which had been found to be particularly 
Susceptible. 

They had found that cobalt additions seemed 
'o have rather peculiar effects. High cobalt 
contents, about 50 per cent., behaved rather 
similarly to equivalent amounts of iron, while 


low additions, about 10 to 20 per cent., gave 
> lives than were found in any cobalt-free 
ys. 
The work of Professor Preece and his collabor- 
ators on th: mechanism of vanadium-pentoxide 


attack on ch:omium was of great importance. It 
Was gratiiving to receive confirmation of 


previous “ guesses,” that vanadium pentoxide 
fluxed away the protective layer of chromic 
oxide. The authors concluded correctly that 
the scaling resistance of the alloys would depend 
on the stability of the base composition of the 
alloy without the chromium. In this context 
it might be added that, in service, the alloys 
were exposed to atmospheres containing corro- 


‘ sive gases, and resistance to oxidation alone was 


not a sure guide. 


SILICA SCALE AS PROTECTIVE 
LAYER? 


The authors had reached the very gloomy 
conclusion that the use of chromium as an 
element conferring oxidation resistance was 
ineffective in the presence of vanadium pentoxide 
and that heat-resisting alloys which depended 
on the oxidation resistance normally conferred 
by chromium could not, in the nature of things, 
withstand vanadium-pentoxide attack. This 
view appeared to be essentially correct and 
suggested that it was necessary, in the absence 
of an oil additive which suppressed vanadium- 
pentoxide attack, to develop alloys the resis- 
tance of which to scaling depended on elements 
other than chromium. Perhaps the most 
hopeful pointer was the statement in the paper 
that attack on the silica sheets used to support 
the cones was surprisingly light. This brought 
out the possibility of protective scales based on 
silica, but clearly, the use of high-silicon contents 
in heat-resistant alloys was not a practicable 
proposition because it would be difficult to work 
the alloys. It might be worth while, in this 
context, however, to draw attention to the claims 
of E. Fitzer and J. Schwab, issued in 1953, that 
steels having a silicon-rich surface layer, pro- 
duced by diffusion from a gas phase, were highly 
resistant to vanadium-pentoxide attack. 

Dr. N. Stephenson said that during corrosion 
work at the National Gas Turbine Establishment 
three distinct types of attack by fuel ash had 
been found. The first type was a uniform attack 
caused by vanadium pentoxide alone. The 
second form of attack was a very rapid uniform 
corrosion caused by ashes of light or moderate 
sodium-vanadium ratio, particularly those cor- 
responding in composition to the sodium 
vanadyl vanadates. Lastly, a localised catas- 
trophic attack brought about at high tempera- 
tures by ashes of high sodium-vanadyl ratio had 
been experienced. The reaction kinetics for the 
last two types of attack were not fully under- 
stood. For attack by vanadium pentoxide alone, 
the heat-resistant steels were not much inferior 
to nickel-chromium alloys, provided that the 
temperature did not exceed about 700 deg. C. 

It seemed important that, in comparing and 
assessing the resistance of materials to attack 
by fuel ash by means of laboratory tests, general- 
isations should not be made as to their effective- 
ness simply on the basis of attack by vanadium 
pentoxide alone. 

Their studies of the reaction mechanism of 
vanadium accelerated attack had led them to the 
same conclusion as that arrived at by Professor 
Preece and his co-workers, namely that it was 
unlikely that a completely heat-resistant alloy 
would be developed from a material dependent 
on chromic-oxide-rich film formation for pro- 
tection against this attack. They suggested that 
a completely-resistant alloy would require this 
protective oxide film to be completely insoluble 
in, and non-reactive with, ash constituents. 
They agreed that ash constituents, if soluble in 
the film, must not permit ionic transfer of the 
metal across the protective layer. That was for 
a completely resistant alloy. In _ practice, 
however, the growth of a continuous adherent 
vanadium-contaminated layer might be tolerated 
provided that the layer did not interact with the 
fuel ash or the base-metal vanadates. In this 
way, although accelerated oxidation might 
initially be rapid, a protective layer would be 
built up and the rate of attack would diminish 


with time. 
BERYLLIUM 


In their earlier work they had noticed that a 
nickel/2 per cent. beryllium alloy was rather 
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more resistant to attack than the nickel-chromium 
alloys. The results of Professor Preece’s pre- 
liminary survey of the beryllium oxide/vanadium 
pentoxide system made available to them at an 
earlier date had encouraged them to resume work 
with nickel-base alloys containing beryllium. 

In laboratory tests with natural and synthetic 
ashes they had found that a nickel/4 per cent. 
beryllium material was about 40-50 per cent. 
more resistant than a nickel-chromium base 
creep-resistant alloy. Additions of 4 per cent. 
beryllium to the nickel-chromium alloy increased 
its resistance to attack by 30-50 per cent. These 
beryllium-containing alloys were not subject to 
the very rapid attack by the sodium vanadyl 
vanadates. Moreover, they seemed to be much 
more resistant than nickel-chromium base alloys 
to localised catastrophic corrosion in contact 
with sodium-rich ashes. 

It was perhaps a far cry from preliminary 
laboratory tests on simple alloys to the long- 
life engine application of proved stress-bearing 
materials, particularly as beryllium was both 
toxic and expensive. Techniques for handling 
toxic materials had improved greatly in the past 
few years, and cost difficulties might be overcome 
to some extent by surface treatment of known 
alloys. 

For some time past it had been said that 
metallurgy could make no worthwhile contribu- 
tion to a solution of the corrosion problem, but 
they hoped that the results of these few observa- 
tions on nickel-beryllium alloys would tend to 
discourage these opinions. 


ADDITION OF CHROMIUM 


Mr. H. C. Child stated that there had been 
very little agreement among the persons who had 
discussed these papers as to whether or not the 
conclusion of Professor Preece and his co- 
workers, that chromium did not impart resistance 
to vanadium-pentoxide attack, was justified. 

In his opinion, this conclusion was not justified 
in that there were many instances in which the 
base metal was improved by the addition of 
chromium in the presence of vanadium pentoxide. 
For instance, much work had been carried out 
by the oil companies, and they had done some 
themselves, on platings, and nickel-chromium 
platings and cobalt-chromium platings were 
certainly more resistant than straight nickel 
or cobalt platings. There was also the work 
referred to in their paper which showed that 
an increase in chromium did impart scale 
resistance. The matter was perhaps largely an 
argument on words. The Newcastle approach 
was probably that chromium would not give 
sufficient scale resistance to these materials to 
solve the problem, but, being academic, it should 
be insisted upon that chromium would improve 
the scale resistance. 

In reply to this point Dr. G. Lucas repeated 
that their conclusion still held, namely, that 
chromium was of no use in resisting vanadium- 
pentoxide attack. 

Dr. F. H. Davis, who was the last speaker in 
the discussion, suggested that scaling factors 
were not necessarily a measure of the effective- 
ness of these materials in relation to behaviour 
or resistance to attack in a turbine. The 
authors, particularly Mr. Harris and his co- 
workers, had not attempted to examine—at any 
rate, they had not reported it—the microscopic 
structure after an attack. 


QUANTITY OF ASH 


Moreover, continued Dr. Davis, more atten- 
tion should have been paid to the quantity of 
ash. He differed from the authors in respect 
of the effects of titanium and molybdenum in the 
alloys. He had not dealt with vanadium pent- 
oxide alone, but in the presence of sodium oxide, 
which was always present in a fuel. In tests 
conducted at the Metropolitan-Vickers Electrical 
Company, Limited, similar to those of Dr. 
Stephenson, in which they had estimated the rate 
of attack with varying proportions, they had 
chosen the most virulent proportions of sodium 
oxide to vanadium pentoxide. Under those 
circumstances, they had found that, if an alloy 
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contained titanium, as a constituent, the attack 
was inter-crystalline in nature since they had 
found that sintered titanium carbide, bonded 
with a small metal matrix, was very badly 
attacked by vanadium pentoxide. It was reason- 
able to infer that the presence of precipitants such 
as titanium carbide in the grain boundaries led 
to the inter-granular attack. 

Similarly with molybdenum. Their alloys 
were not as highly alloyed in cobalt as those 
discussed ; they had from 10 to 20 per cent. 
of chromium and 10 per cent. of cobalt. However, 
the attack was very catastrophic when molyb- 
denum was present. This was probably because 
they were dealing with rather larger quantities 
of ash than were usually met with in practice. 

He would support what Mr. Shirley had 
said, namely, that they had found that iron- 
chromium alloys with absolutely no nickel 
present but chromium contents of 20, 25 or even 
40 per cent., were very much more resistant to 
attack than the nickel-base alloys. These tests 
were under laboratory conditions, and that 
indicated that it was not fair to suggest that the 
breakdown of the scaling resistance of creep- 
resistant and heat-resistant alloys was due 
entirely to the breakdown of the chromium 
oxide. 

Nickel oxides formed vanadates by simple 
solution very easily. If an item were nickel- 
plated and exposed to vanadium pentoxide, 
a virulent attack ensued, an_ inter-granular 
type of attack which disintegrated the nickel. 
Nickel-base alloys were not necessarily the 
best alloys. In fact, he followed Dr. Stephenson 
in suggesting that beryllium would, perhaps, offer 
a solution, but rather than alloy it, he suggested 
that attempts should be made to produce diffusion 
coatings. This should be sufficiently high in 
beryllium to confer benefit without materially 
affecting the mechanical properties of the base 
material. 

With regard to the suggestion about silica, the 
objection to any sort of diffused coating was 
that the coefficient of expansion of silica was so 
low relative to the metallic base that severe 
spalling would occur and the breakdown of only 
one localised spot was sufficient to cause severe 
attack. 

On the motion of the chairman, a vote of 
thanks to all the authors of papers and those 
taking part in the discussions was accorded with 
acclamation, and the proceedings then terminated. 





Mr. W. O. Pendray, co-author with Mr. 
M. D. J. Brisby of the paper on “‘ The Supply 
of Scrap to Open-Hearth Furnaces ”’ presented 
at the second technical session of the Iron and 
Steel Institute Meeting on April 27, has in- 
formed us that it was he who presented the 
paper and not Mr. Brisby as reported to us and 
stated on page 661 of our issue of May 27. 
Mr. Pendray adds that the paper which he 
presented to the meeting differed radically from 
that published in the Institute’s Journal for 
March, 1955, on page 252. 
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PLASTICS PRODUCTS: FILM 


A film called ‘“* To Shape Tomorrow,” has been 
produced for Bakelite Limited, 12 Hobart 
Place, London, S.W.1, to show the wide variety 
of uses to which their products can be put. 
Since the film lasts for only 27 mins., it has 
only been possible to touch on four main lines 
of production, which are: Bakelite shell-mould- 
ing resins for the preduction of foundry moulds 
and cores; the Vybak group of vinyl resins, 
compounds and sheet; Bakelite polyester resins 
for the fabrication of glass-reinforced structures: 
Warerite decorative laminates for furniture and 
wall panelling. The film, which is both interest- 
ing and instructive, was produced by Cecil 
Musk in association with the Film Producers 
Guild, Limited. Application for loan of prints, 
which are available in Eastman colour in 
16 mm. and 35 mm. sizes, should be made to 
Bakelite Limited (Publicity Department), 12-18 
Grosvenor-gardens, London, S.W.1. 





June 10, 1955 ENGINEERING 


CUMULATIVE DAMAGE IN FATIGUE 


A METHOD OF INVESTIGATION ECONOMICAL IN 
SPECIMENS 


By John C. Levy, M.S., B.SC.(ENG.)* 


This article presents a method of treating fatigue 
test results which is believed to be new. On the 
assumption that the scatter of a series of results 
is due to local conditions pre-existing within each 
particular specimen, it has been presumed that a 
specimen which showed an unduly long, or an 
unduly short, life under one applied stress would 
have shown a similarly long or short life under a 
different level of stress. Thus a one-to-one 
correspondence has been assumed between the 
lives of individual specimens in sets of tests 
performed under different conditions. This has 
allowed each test result to be utilised separately 
enabling a greater amount of information to be 
obtained from a limited number of tests than if 
only mean, or median, values were used. Another 
advantage is that the proposed method is not 
dependent on the life-distribution function at any 
particular stress level. 

To illustrate the working of the method some 
fatigue tests on mild steel have been performed 
at two stress levels, the results being compared 
with Miner’s hypothesis that the cumulative cycle 
ratio to fracture is unity. Also a re-interpretation 
has been made of results obtained by Dolan and 
Brown on an aluminium alloy. 

The results, using the idea of one-to-one 
correspondence, indicate that linear relationships 
may exist between cumulative cycle ratio and 
pre-stress cycle ratio for the stress levels investi- 
gated. A programme of future work is outlined. 


THE CONCEPT OF CUMULATIVE 
DAMAGE 


During the service life of a structure or machine 
part which is subjected to repeated load a 
complicated stress history may be built up. 
Periods of normal running alternate with periods 
of rest, periods of idling, and occasional ‘* peak ” 
loads. Under such conditions fatigue, or pro- 
gressive fracture, has often been pictured as a 
cumulative process in which the remaining life 
depends on the number, amplitude and sequence 
of all the previous stress cycles. 

A number of laboratory investigations,’ * * 
have been carried out in the past with the idea 
of formulating “‘ laws” of cumulative damage 
which would apply to service parts. However, 
such information as is already available is small 
in quantity and is by no means conclusive in 
establishing any general principle. One cause 
of difficulty in work of this kind is the wide 
“* scatter” of results, and in very few investiga- 
tions have sufficient tests been performed to 
enable any statistically valid conclusions to be 
drawn. 


** SCATTER ” OF FATIGUE LIFE 


The inherent scatter in the life of parts, or 
specimens, subjected to repeated load arises 
because fatigue action in a metal is usually 
highly localised. A much smaller volume of 
material is significant than is the case with 
failure under static loads. The rate of fatigue 
action may depend on the size, orientation and 
chemical composition of the few grains of 
material which happen to be situated in the 
critical zone. 

Recent work,* *. * concerned with the statistical 
distribution of fatigue life at a constant-stress 
amplitude has shown that the life distribution 
based on the number of cycles to failure is 
highly skewed. If, however, the logarithm of 
the number of cycles is used as a base, the dis- 
tribution becomes more nearly normal, at least 
in the central portion away from the extremes 
of the range. Unfortunately, from the design 
point of view, the extremes of the range may be 

* Lecturer, Civil and Mechanical Engineering, 
Northampton Polytechnic, London, E.C.1. 


just the portions in which engineers are mainly 
interested. No distribution function has yet 
been found which covers the entire range of life 
at all stress levels and a tremendous amount of 
testing will be necessary before such a function 
can be established. 


CUMULATIVE DAMAGE TESTING 


The study of cumulative damage has recently 
been developing along three main lines of 
approach. Briefly these are: 


(a) Applying a certain number of cycles of one 
stress amplitude, the specimen then being run to 
fracture at a second stress amplitude.’: *. 

(b) Applying repeated blocks of cycles of 
different amplitudes in a regular sequence.!9.4412,3 

(c) Applying cycles of different amplitudes in 
a random sequence.*4 


The method of testing proposed in this article 
may eventually be of use in each of these three 
procedures. For the present purpose, however, 
attention will be confined to the first procedure 
which is the simplest of the three to analyse. 
This will now be described in more detail. 

The first stress amplitude is called the “ pre- 
stress’? and the second, at which the specimen 
is fractured, is called the ‘“‘ test-stress.”” (More 
complicated histories may be built up by applying 
more than one pre-stress.) A valuable set of 
results due to Dolan and Brown’ is re-presented 
in Fig. 1. The material was an aluminium alloy 
to the American specification 75S-T; it had an 
ultimate strength of 84,000 lb. per square inch 
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Fig. 1 Damage to aluminium alloy at + 35,000 Ib. 
per sq. in. after pre-stressing at +40,000 Ib. per 
sq. in. (after Dolan and Brown’). Damage 
defined as the percentage reduction in life from the 
expected mean life at the test stress without 


pre-stress. 
Mean life at + 35,000 Ib. per sq. in.: 1,677,000 


cycles. 
Mean life at +40,000 Ib. per sq. in.: 320,000 
cycles. 


mi 
—_ 


we 
wm 


per Sq. In. 
s 


Nominal Max. Stress, Lb. ¢ 
te => 


we 


a 
© 
o 


= 


Lb. per Sq. In. 


P ~4 


ax. Stress, 
=o 


 & I 5 Nominal M 





















JE 


mainly 
aS yet 
> Of life 
unt of 
INCtion 


NG 


ecently 
nes of 


of one 
Tun to 
) 


les of 
),11,12,13 


ides in 


article 
> three 
wever, 
cedure 
nalyse, 


ita pre- 
cimen 
(More 
plying 
set of 
sented 
1 alloy 
ad an 
> inch 


Ss! 


| 


I 
! 
—h.J 
! 
I 
I 
! 





7,000 





ENGINEERING June 10, 


% 
2 
T 


2 
l 





P= Failure’ 
tae Not 





Nominal Max. Stress, Lb. per Sq. In. 


cosy 

wu 

= 
od 
i=) 


3 
f A 
sm . ae | 


s f 5 1 
Number of Cycles to Failure (Log Scale) 


(2867.5) “ENGINEERING” 


Fig. 2 Results of fatigue tests on steel specimens 
at a constant-stress amplitude. 
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Fig. 3 Cycles to failure for steel specimens at 
47,800 Ib. per sq. in. after 400,000 cycles at 
40,600 Ib. per sq. in. (Author’s Group II). 


and an elongation of 16 per cent. on 2 in. In 
the tests represented in Fig. 1, the specimens 
were cycled at + 40,000 lb. per square inch and 
subsequently broken at + 35,000 Ib. per square 
inch. The abscisse show the cycle ratios run 
at the pre-stress, the term cycle ratio being 


defined by = where 


n = the number of cycles applied at a given 
stress, and 

N = the number of cycles required to produce 
failure at that stress as determined from 
the conventional S-N diagram. 


The ordinates in the figure represent the 
“damage ”’ at the test stress which is arbitrarily 
expressed as the percentage reduction in life 


No x 100, 


P 1 
in which N, is the mean life at the test stress and 
N, is the observed life at the test stress after 
the pre-stressing). 

A widely used “* law ” of cumulative damage is 
that due to Miner! which states that the cumu- 


‘ . N- 
due to the pre-stressing (that is, - 


e : i i - 
lative cycle ratio equals unity, i.e., that 5 N 1. 


If this equation is valid, the means of the sets 
of results in Fig. 1 should lie on the 45-deg. line. 
It is well known that the trend is for the means 
to be below this line when the pre-stress is less 
than the test stress and above it when the pre- 
Stress is larger than the test stress. 

The major weakness of this method of inter- 
preting data is that the nominal cycle ratio 
based on the mean, or median, life of a group 
of specimens does not represent the correct 
cycle ratio for each particular specimen. Thus 
the great dispersion of results in Fig. 1 is charac- 
teristic of the method of interpretation. It is 
hoped that the method of testing proposed here 
May go towards overcoming this difficulty. 


OBJECT AND SCOPE 


The object of this article is to propose a 
systematic method of investigating cumulative 
damag: in fatigue. A treatment, which is 


believeci to be new, will be described by which 
indivic 
mean, 
This ¢ 


ial results may be utilised instead of the 
r median, values of a group of tests. 
‘ables the number of tests necessary to 


establish a damage curve to be substantially 
reduced. The method may also, it is thought, 
enable a study to be made of the effect of different 
stress histories on specimens of the same original 
fatigue strength. 

To illustrate the working of the method the 
results of a series of tests on mild steel will be 
presented. The values of cumulative cycle 
ratio for particular specimens will be calculated 
and comparison made with the Miner hypothesis. 
A re-interpretation will also be made, using the 
proposed method, of some of the results 
obtained by Dolan and Brown. 


TESTING MACHINE AND SPECIMENS 


The tests were all performed on a single 
Avery rotating-cantilever fatigue testing machine. 
One end of the specimen was held horizontally 
in a collet which was directly coupled to an 
electric motor having a speed of approximately 
3,000 r.p.m.; the other end of the specimen was 
fitted into a ball-race through which an upward 
vertical load was applied by means of a lever 
arrangement. 

The specimens were circular in section but 
tapered uniformly to provide a nearly uniform 
nominal surface stress along the length. Failure 
always occurred at a section where the diameter 
was about 0-4 in. Each 1 lb. of load applied at 
the ball race gave rise to a nominal stress of 
480 lb. per square inch at this section. 

The material used was a black mild steel, the 
specimens being machined from {-in. diameter 
rod. They were tested in the “‘as machined ” 
condition and were not heat treated after machin- 
ing. The results of a tensile test on the {-in. 
diameter rod are shown below :— 


Ultimate tensile stress 61,400 lb. per square 


inch 
Stress at yield point.. 35,400 lb. per square 
inch 
Elongation .. .. 37:6 per cent. on 2 in. 
Reduction in area .. 63 per cent. 


METHOD AND RESULTS 


From the results of a few preliminary tests 
on the material, two stress levels were chosen 
which corresponded to mean endurance lives of 
approximately 1,000,000 and 200,000 cycles. 
These stresses were respectively :— 


S, = 40,600 Ib. per square inch, and 
S, = 47,800 Ib. per square inch. 


In order to investigate the effect of any number 
of stress cycles at S, on the subsequent endurance 
at S, the procedure was as follows :— 

The available specimens were divided into 
three equal groups designated I, II and III. 

All Group I specimens were tested to failure at 
stress S,, the results then being tabulated in 
ascending order of magnitude in column | of 
Table I. 

All Group II specimens were tested to failure 
at stress S,, the results then being tabulated in 
ascending order of magnitude in column 2 of 
Table I. 

All Group III specimens were subjected to a 
given number of cycles (in this case 400,000) at 
S, and then broken at S,. The numbers of 
cycles to failure at stress S, were then tabulated 
in ascending order of magnitude in column 3 
of Table I. 

On the assumption that the scatter of a series 
of test results is due to local conditions pre- 
existing within each particular specimen, it is 
to be presumed that a specimen which shows 
either an unduly long or an unduly short life 
under one applied stress would have shown a 
a similarly long or short life under a different 
level of stress. It should therefore be possible 
to establish a one-to-one correspondence between 
the lives of individual specimens in sets of tests 
performed under different conditions. 

This means that, provided a sufficiently great 
number of specimens has been tested, the rows 
in Table I may be regarded as the same specimen 
tested three times from the virgin condition. 
For example, the shortest-lived specimen in 
Group I ran 442,000 cycles at stress S,. It is 
assumed that had this specimen been run instead 
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() : ae) ee te (5) (6) 
Group I | Group II | 





| 


Tested Tested |Grouplit} Cycle | Cycle | Cumu- 
3" x | Crees at — — lative 
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Ib. per | Ib. per at S; (1) 2 |4+@ 
sq. in. sq. in. | | 
| | 
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706 | 149 109 57 73 130 
757 152 126 53 83 136 
832 155 137 48 88 136 
841 156 140 47 90 137 
176 164 45 93 138 
908 | 181 | 174 44 96 140 
918 | 205 | 175 44 85 | 129 
934. | 217 197 as. | Se 134 
1,036 | 232 | 210 39 90 129 
1,249 23 | 210 32 91 123 
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3,665 | 370 | 271 an | OS 84 
3,916 410 | 303 10 | 74 84 
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1,240 | 208 | 
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at S,, it would have endured about 87,000 cycles, 
as did the shortest-lived specimen of Group II. 
If this property of the rows of the table is 
accepted the evaluation of individual perform- 
ances becomes possible. The cumulative cycle 
ratio for the shortest-lived specimen of Group III 
will evidently be given by: 
n 400,000 19,000 
* Ga Geraes - va slot 
= 113 per cent. 
Similar calculations have been performed for 
each row of Table I and the results are shown in 
the last three columns of the table. It will be 
seen that by this method of utilising each test 
result separately, a large range of pre-stress cycle 
ratios may be examined though the same number 
of pre-stress cycles (i.e., 400,000) were applied 
to every member of Group III. 


DISCUSSION 


The results of all tests conducted at constant 
stress amplitude are depicted in Fig. 2, herewith. 
Those results not at 40,600 Ib. per square inch or 
47,800 lb. per square inch were previously 
obtained by students and have not been used in 
the present work except to indicate the general 
shape of the S-N relationship. Approximate 
probability lines have been marked correspond- 
ing to 0:04, 0-5 and 0-96 probabilities of failure. 

Fig. 3 shows the results for Group III where 
the stress has been jumped up during the course 
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Fig. 4 Variation of cumulative cycle ratio with 
pre-stress cycle ratio for steel specimens. 
Pre-stress +40,600 Ib. per sq. in. 
Test-stress + 47,800 Ib. per sq. in. 

If Miner’s hypothesis were correct, the data 
would all lie about the 100 per cent. abscissa. 
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Fig. 5 A re-interpretation, based on the proposed 

** one-to-one ’’ correspondence, of some of Dolan 

and Brown’s tests on aluminium alloy. The graph 

shows values of the cumulative cycle ratio for 

different combinations of the pre- and_ test- 
stresses. 


of the test. The abscisse represent the cycles 
to failure at the test stress. It will be noted that 
the dispersion of the results is greater than in 
Fig. 2, where the tests were run at constant 
amplitude. 

An important part of this article is the compari- 
son of the results with the Miner hypothesis 
that the cumulative cycle ratio equals unity. 
Fig. 4 shows that the cumulative cycle ratio is 
not constant but varies with the percentage 
pre-stress cycle ratio, rising to a maximum of 
about 140 per cent. when the pre-stress cycle 
ratio is about 50 per cent. At higher values of 
pre-stress cycle ratio the value of the cumulative 
cycle ratio drops steadily towards 100 per cent. 
Both ends of the curve of Fig. 4 must lie at a 
cumulative cycle ratio of 100 per cent., but 
more testing is necessary before the way in which 
these end points are approached can be deter- 
mined. For example, little reliability can be 
placed on the two points situated at a cumulative 
cycle ratio of 84 per cent. since they represent an 
extreme of the range of testing. If the groups 
of specimens were enlarged from 23 to 50 or 100 
it could be stated with greater certainty whether 
or not the curve crosses the 100 per cent. line 
before approaching the definite end point at 
zero pre-stress. 

It is interesting to compare the information 
obtained from Fig. 4 with that which would be 
obtained if only mean values of the results were 
utilised. The mean life of Group I was 
1,240,000 cycles so that the nominal pre-stress 
cycle ratio of all Group III Id be —— 

y es a 
100 = 32 percent. On Fig. 44 series of points 
would therefore be ob*ained strung on a vertical 
line at 32 per cent. pre-stress cycle ratio. The 
average of these points lies at point A on the 
figure and this would be the only point obtained 
on the damage curve. It is situated fairly near 
the other plotted points so that there may be an 
equivalence between the two methods although 
much more information is obtainable in one 
way than in the other. However, the practice 
of taking the arithmetic mean of a distribution 
which is probably highly skewed must, in 
itself, introduce error into the plotting of the 
point A and it is hardly possible to deduce, from 


any kind of mean value, information concerning 
individual specimens which conform to an 
unknown distribution function of fatigue strength. 
It must be remembered that Miner’s original 
hypothesis was established on an energy basis 
for a particular specimen and it is thought that 
the proposed method of one-to-one corres- 
pondence may approximate to the examination of 
individual specimens provided sufficient tests 
are carried out. The actual life distribution 
function will not matter, even if it is not the same 
for each stress level. 

In this connection, the life distribution function 
for carefully polished and stress-relieved speci- 
mens would probably not be the same as for the 
unpolished and unheat-treated specimens with 
which the current tests were performed. This 
again will not matter provided the specimens 
used in these tests are regarded as machine 
parts rather than as laboratory specimens. All 
that is assumed is that if a specimen is weaker 
than another at one particular stress level it 
would have been weaker at any stress level or, 
indeed, for any similar stress history. As a 
first approximation there seems to be no reason 
why this assumption should not be true, at least 
for similar states of stress, since a grain poorly 
oriented to resist a tensile stress (say) would 
still be poorly oriented if that stress were increased 
or reduced. 

There are other advantages of the method of 
one-to-one correspondence. It has already been 
mentioned that the method is economical in 
specimens since information is obtained separately 
from each test and a wide range of pre-stress 
cycle ratio is covered in one series of tests. 
Further economy would be possible if it were 
known, for instance, that the life distributions at 
S, and S, were log-normal. The results of Group 
III could then be fitted correctly into their places 
in these curves with a corresponding saving of 
specimens in Groups I and II. 

By the method of one-to-one correspondence 
it is also possible to take into account those 
specimens which (a) remain unbroken or (d) 
break before the completion of the pre-stressing. 
This is not possible if mean values of life are used 
in the calculation of cumulative cycle ratios. 

Some of Dolan and Brown’s results on 
aluminium alloy (see Fig. 1) lend themselves to 
re-interpretation based on one-to-one corres- 
pondence. From the data given in their paper 
it is possible to obtain sets of results corres- 
ponding to Groups I, If and III. Where more 
results are available in one group than another a 
random selection has been made to give groups 
of equal size in order to compile tables similar 
to Table I. The results of this re-interpretation 
are shown in Fig. 5 for different combinations of 
pre- and test stresses. Although it has only 
been possible to obtain ten or eleven points for 
each curve, there is a distinct trend of the same 
kind as that found for steel in the present 
investigation. In every case there is a tendency 
for the cumulative cycle ratio to vary uniformly 
with the pre-stress cycle ratio before a turning 
value is reached. It is noteworthy that in the 
one case where the pre-stress was higher than 
the test stress, the values of cumulative cycle 
ratio are less than 100 per cent. This agrees 
with deductions based on mean, or median, 
values. 

Much further experimental and analytical 
work will be necessary before the method of 
One-to-one correspondence can be subjected to a 
severe critical examination. At this stage it is 
felt that the method may well offer a path by 
which fundamental fatigue behaviour could 
profitably be studied. This will certainly be 
true if it can be shown that the method allows 
specimens of the same original fatigue strength 
to be studied under different stress histories. 


FUTURE WORK 


The investigation is continuing at North- 
ampton Polytechnic with the following aims:— 
1. To estimate the validity of the method of 
One-to-one correspondence used in this article. 
It is hoped to assess the method both experi- 
mentally and mathematically and also with 
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reference to the known atomic, single crystal 
and polycrystalline behaviour of the maierial, 

2. Using carefully manufactured laborato 
specimens, to investigate more thoroughly the 
relationship, for testing at two stress levels 
between cumulative cycle ratio and pre-stress 
cycle ratio for different metals. It is hoped that 
greater numbers of specimens will be used ip 
each group than was possible in the present 
investigation. One aim is to discover the 
minimum number necessary to ensure confidence 
in the results. 

3. To extend the method to more than two 
Stress levels and progressively to more compli- 
cated stress histories. 
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RADAR ON TOUR 


Decca Radar Limited, 1-3 Brixton-road, London, 
S.W.9, have constructed a mobile unit in which 
they are to demonstrate their model 212 radar 
set at ports in Great Britain, commencing at 
Lowestoft and then proceeding north along the 
east coast. Ultimately it is intended to visit all 
British ports. The unit consists of a caravan 
trailer containing the radio-frequency unit in one 
section and the display unit in another with the 
scanner mounted on the roof, and a Land-Rover 
which not only tows the trailer but also generates 
the power for the set. This is done by a >- cW 
generator which is belt-driven from the engine 


through the overdrive clutch. A description of 


the 212 set (which is a short range set for con- 
stricted waters and is claimed to be amonz the 
cheapest available) was given in ENGINEE ING, 
page 280, ante. 
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South Power Station, Kenya. 


Fig. 1 Two identical 2,500-kW gas-turbo-alternator sets have recently been designed and built by the British Thomson-Houston Company for Nairobi 
The first is already installed and has completed well over 2,000 hours running, while the second, shown here in course 
of erection before testing, will soon be in operation. 


B.T.H. GAS-TURBO-ALTERNATOR 


SETS 
TWO 2,500-KW POWER PLANTS FOR EAST AFRICA 


Two identical 2,500-kW gas-turbo-alternator sets 
have recently been designed and built by the 
British Thomson-Houston Company, Limited, 
Rugby, for Nairobi South Power Station in Kenya. 
The first of these was installed in September last 
year and has now been operating for well over 
2,000 hours; the second set is being erected on 
site after satisfactory completion of running tests 
at the company’s Rugby works. The second 
machine is shown in Fig. | in course of erection 
before testing; the turbine rotor can be seen in 
Position in the bottom-half turbine casing. Each 
plant operates on the open-cycle system with 
the compressor coupled in line with the turbine, 
as is clear from Fig. 2; the alternator is driven 
through a reduction gearbox from the other end 
of the compressor shaft. The turbine is a nine-stage 
machine with a design inlet 
1,200 deg. F., while the compressor, which is of 
centrifucal radial-flow pattern, has four stages. 
The unit employs a heat exchanger. 


OPEN-CYCLE IN-LINE DESIGN 


The «alternator used in each of the two sets is 
of salic nt-pole construction and has a rated 
three-phase output of 3,125 kVA at 0-8 power 
factor, 0 kV, and 50 cycles per second, giving 
2,500-k\V power. The gearing linking the in- 


line turbine-compressor unit is of B.T.H. design 
and giv-s a speed reduction from 3,500 r.p.m. to 
p.m. at the alternator. 


1,500 A gear-type 


temperature of . 


coupling is fitted between the compressor shaft 
and the high-speed pinion of the gearbox. 

The turbine-compressor unit operates on 
open cycle, and air for the compressor is drawn 
through viscous filters below the turbine flcor 
from a suction intake outside the building, some 
32 ft. above ground level. After compression, 
the air passes to a heat exchanger also situated 
outside the main building and then returns to 
a single combustion chamber (Fig. 3) mounted 
vertically beside the turbine casing. The products 
of combustion pass into the turbine from the 
combustion chamber and then exhaust through 
twin ducts to the heat exchanger and finally 
discharge into a chimney stack. During testing 
at Rugby the heat exchanger was not used since 
it was then being erected at the Nairobi site, and 
the air was therefore led directly from the 
compressor exit to the combustion chamber. 


WELDED TURBINE ROTOR 


The turbine is designed for an inlet temperature 
of 1,200 deg. F. and is a nine-stage machine 
running at 3,500 r.p.m. It is linked to the com- 
pressor by a gear coupling and tension shaft, 
with a Michell thrust bearing fitted between the 
compressor and turbine to take the difference 
between the two opposing thrusts. 

The turbine rotor is of welded construction 
and comprises three forgings in austenitic steel 
welded together to form the rotor barrel, with 





a stub shaft (also in an austenitic steel) welded 
on at each end. A similar material is used for 
the turbine casings and also for the turbine 
blading, except in the first stage, where it is of 
Nimonic alloy. 

Both ends of the turbine shaft are provided 
with labyrinth packing glands, which are supplied 
with air at an intermediate point from the com- 
pressor exit so that a flow of cooling air is 
created outwards along the shaft. At the same 
time, a small quantity of air passes into the 
turbine, and this arrangement not only assists 
in keeping the turbine bearings cooled, but also 
prevents any leakage of combustion products 
into the engine room. 


RADIAL-FLOW COMPRESSOR 


The compressor is of four-stage centrifugal 
radial-flow type with backward-inclined vanes. 
The impellers are shrunk on and keyed to the 
shaft, and are built up of vanes riveted to the 
impeller disc and to the shroud plate. 

The diffuser system (embodying O¢cerlikon 
patents numbers 542,468 and 558,910) consists 
of four partial spirals connected to four straight 
conical diffusers for the transformation of 
kinetic energy into pressure energy at high 
efficiency. The four diffusers of each stage are 
cast integral with the top and bottom half of 
each casing with fabricated steel pipes connecting 
the outlet of each diffuser to the inlet passage 
of the next stage. The compressor has a com- 
pression ratio of 4-5 to 1 and a throughput of 
70,000 cub. ft. per minute. 


SECTIONAL HEAT EXCHANGER 
As mentioned earlier, the heat exchanger is 
situated outside the power-station building. 
The exhaust gases enter the heat exchanger at 
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the bottom and flow through in a single pass 
at right angles to the tubes, which are mounted 
horizontally. Air from the compressor flows 
through the heat-exchanger tubes in two passes. 

The exchanger is built from four identical 
sections mounted on top of one another; this 
form of construction is adopted in order to 
facilitate transport and to simplify erection on 
site. The width is relatively narrow and both 
sides have doors to provide access for cleaning 
the unit on the gas side. The heat exchanger 
was manufactured by Babcock and Wilcox, 
Limited, Babcock House, Farringdon-street, 
London, E.C.4, to B.T.H. design. 





Fig. 3 The combustion chamber, into which fuel 

Sprays through two main burners, is bolted to the 

bottom-half turbine casing, but its weight is 

supported on six springs. Observation windows 
permit the flame to be checked. 








COMBUSTION CHAMBER AND 
FUEL SUPPLY 


The lower part of the combustion chamber is 
bolted solidly to the bottom-half turbine casing, 
but the weight of the chamber is carried on six 
springs at turbine floor level. Incoming air 
from the heat exchanger enters at the bottom 
and passes vertically upwards between the outer 
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Fig. 4 Incoming air enters the combustion 
chamber at the bottom, passes upwards between 
the outer shell and the flame tube, and at the top 
divides into two flows; one takes part in combustion, 
the other cools the products of combustion. 
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shell and the flame tube to the top of the chamber 
where the air divides into two flows. One of 
these enters the primary zone with the fuel and 
is used for combustion while the other is used 
for cooling the products of combustion. 

The combustion zone is refractory lined and 
fuel oil is sprayed into the chamber through two 
main burners; to control the fuel flow a lance 
operated from the governor system is installed 
in the orifice of each burner. The initial starting 
is accomplished by means of a pilot burner 
which is fired by spark igniters supplied from 
high-energy power packs. Observation windows 
are provided at the top of the combustion 
chamber so that the flame may be checked. The 
upper section of the combustion chamber is 
shown in Fig. 3 and a section of the complete 
unit in Fig. 4. 

The oil fuel is drawn from a ready-use tank 
through filters by duplicate 100 per cent. duty 
Hamworthy gear-type pumps, which deliver the 
fuel through steam heaters to the combustion 
chamber at a pressure of 600 Ib. per square inch 
gauge at a temperature of 200 deg. F. The 
pumping and heating equipment was supplied 
by British Combustion Equipment, Limited, 
36 Victoria-street, London, S.W.1. 


GOVERNOR-CONTROLLED OUTPUT 


The output oF the set is controlled by a speed 
governor regulating the supply of fuel oil to the 
combustion chamber through an_ oil-operated 
servo-motor. The governor equipment (Fig. 5) 
is mounted between the turbine and compressor 
and driven from the turbine shaft through 
spur gearing. An extension from the gov- 
ernor shaft drives the main lubricating-oil 


pump. Oil for the governor servo-system 1s 


provided by duplicate motor-driven Hamworthy 
gear-type pumps. 

Starting and barring motors are mounted 
side by side on a baseplate at the exhaust end 
of the turbine. The barring motor with @ 
rating of 25 h.p. at 975 r.p.m. drives the main 
turbine shaft through a centrifugal cluich, 4 
train of gears, and an oil-operated clutch _The 
starting motor with a 10-minute rating 0! 3 
brake horse-power also drives the turbine th ough 
a train of gears and the same oil-operated « utch. 
There is no centrifugal clutch on the starting- 
motor drive. 


During the run-up, the barring motor IS 
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thrown out of engagement automatically when 
it is overdriven by the starting motor but it 
continues to run until the turbine has reached its 
self-maintaining speed and overdrives the starting 
motor. When this happens, the oil-operated 
clutch is thrown out of engagement and both the 
barring and starting motors are tripped out 
automatically. 


STARTING 


Starting the set is extremely easy. All the 
auxiliaries are operated from a 415-volt alter- 
Nating-current supply, taken from the station 
switchboard, which is fed into a contactor cubicle 
housing the starting equipment for all the motors 
associated with the gas turbine. 

When the isolators on the cubicle are closed, 
power is made available for the desk light, 
fuel-flow recorder, Selsyn equipment, which 
indicates the position of the hand controller 
for the governor, and photo-electric cells, which 
operate when there is a flame in the combustion 
chamber. The fuel pump and control oil pump 
are started by a switch on the desk. 

For starting, the hand controller on the control 
desk has to be in the “ oil-recirculation ” position 
allowing fuel oil to be recirculated through all 
the burners in order to raise the temperature to 
that required for spraying. The ignition system, 
Which comes into operation automatically at a 
later stage, can be checked for operation from 
the control desk by means of a test switch. 
This energises the power packs which, in turn, 
generate a high-tension spark. In addition, the 
switch energises a solenoid-operated oil valve 
Which moves the igniters into the combustion 
chamber, using the governor control oil pressure. 


CONTROL BY ONE OPERATOR 


The next operation is to start the barring motor 
—again from the control desk, which is so 
quipped that a single operator can start and 
contro! the machine. In actual operation the 
clutch solenoid is energised first and this allows 
the m in clutch to be engaged under pressure of 
the lu! ricating oil from the auxiliary pump. 

At ‘his stage everything is ready for the 
turbin. to be started automatically. This is 
done by operating the starting-motor switch. 
Starti: -motor resistances are cut out in sequence 
autom:tically to increase the speed and at a 
Predeicrmined point in the run-up the hand 
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controller is operated automatically. As soon 
as the controller moves from the recirculation 
position, the igniters move into place and start 
to spark, the fuel recirculation valve closes, and 
the pilot burner commences to spray. Safety 
interlocks are incorporated, which will shut 
down the set if there is a lubricating-oil pressure 
failure, if the flame in the combustion chamber 
goes out, or if the fuel for any reason fails to 
ignite. 

Automatic operation of the hand-controller 
ceases when the turbine is running at a self- 
maintaining speed. At this point, the speed 
is increased by operation of the hand-controller 
switch until it rises to the point where the 
governor takes over. 


BOILER-OIL FUEL 


Since the first machine went into service, the 
set has completed over 2,000 hours running 
on a boiler-oil fuel (viscosity 550 seconds 
Redwood number 1 at 100 deg. F.) supplying 
part of the requirements of the Nairobi power 


Fig. 5 Speed-governor 
equipment, which con- 
trols the output of each 
set by regulating the 
supply of fuel oil to the 


combustion chamber. 


“ENGINEERING” 


Fig. 2 Each of the B.T.H. gas turbines is 
of open-cycle in-line pattern, and the alternator 
is driven through reduction gearing from the 
compressor shaft. The turbine has nine stages 
with a design inlet temperature of 1,200 deg. F., 
while the radial-flow compressor has four stages. 


system, mainly during the three months dry 
period from January to April. No water is 
necessary for the operation of the set other than 
a small supply of bore-hole waier for cooling the 
lubricating oil. 

Partly as a result of the success achieved 
with this first machine, it was possible to com- 
plete comprehensive running tests on the second 
in the B.T.H. Rugby Works within nine days 
of its being handed over to the test engineers. 
During this period, 126 hours of light-and-load 
running were completed on a boiler-fuel oil 
similar to that used in Nairobi; the set was not 
run on a distillate oil. It is believed that this 
short testing time is probably without parallel 
for gas turbines manufactured in the United 
Kingdom. 

The two sets were ordered by Balfour, Beatty 
and Company, Limited, 66, Queen-street, 
London, E.C.4, for the Nairobi South Power 
Station of the East African Power and Lighting 
Company, Limited, Kenya. 

(Editorial comment in Weekly Survey) 








FIRE PROTECTION IN OIL-FIRED 
BOILER INSTALLATIONS 
MINIMUM REQUIREMENTS FOR SAFETY 
By R. E. Whillock, A.M.1.FIRE E. 


The gradually increasing use of oil fuel for boiler 
installations raises the problem of ensuring that 
adequate and reasonable precautions are taken 
(a) to reduce the possibility of fire and (b) to 
enable an outbreak of fire to be promptly dealt 
with, wherever this type of equipment is installed. 
The opinion often expressed that oil fuel in bulk 
is difficult to ignite is fallacious and is liable to 
give rise to a sense of false security, as it ignores 
the possibility of the oil becoming involved as 
the result of a fire—an event that, within a building, 
could be fraught with considerable danger to the 
occupants of the building and the structure 
generally unless adequate fire precautions are 
taken. 

The annual report of H.M. Chief Inspector 
of Factories for 1953, notes that thirty-two 
explosions and fires occurred in oil-fired plants, 
one such incident killing two employees. The 
remainder of the reported incidents are attributed 
mainly to “ blow-backs ”’ which occurred during 
starting-up operations and changing over burners. 
While this figure represents only approximately 
0-04 per cent. of the total number of fires in the 
United Kingdom during 1953, it nevertheless 
indicates that there is room for improvement in 
the general fire and safety precautions. 

In considering the general fire hazards 
presented by the use of oil-fired equipment, the 
main risk area is undoubtedly within the boiler 
room. One of the chief considerations which 
should be borne in mind is the restriction of the 
amount of oil that need be in the boiler room at 
any one time. With the increasing use of fully 
automatic oil burners, the oil is necessarily fed 
by gravity to the fuel injection pumps so that any 
break in the oil-feed pipe where it passes through 
the boiler room could possibly result in all the 
contents of the main storage tank draining into 
the boiler room itself. Although a safety device 
in the shape of a spring-loaded or counter- 
weighted oil cut-off valve held open by a fusible 
link line is, of course, normally provided, it is 
not 100 per cent. efficient. In addition, an 
arrangement is needed to cut off the oil supply 
to the burners in the event of a fracture occurring 
in the feed pipe other than under fire conditions, 

It would, therefore, seem desirable for close 
liaison to be established between engineering 
consultants, architects and fire brigades in order 
to discuss any proposals in the planning stage 
rather than after work is commenced. This is 
particularly desirable in new buildings in order 
to avoid unnecessary expense involved in altering 
existing work as a result of recommendations 
made by the Fire Brigade, possibly in respect of 
essential fire precautions that have been over- 
looked. An even greater problem from the 
Fire Brigade point of view is the increasing 
number of boiler conversions from hard fuel to 
oil fuel without due consideration being given, 
in many cases, to the provision of adequate 
structural fire separation in the light of the 
added risk of the use of oil fuel. Nevertheless, 
mutual consultation in the planning stage would 
still be of considerable benefit to all concerned. 

In some local authority areas, certain buildings 
because of their size, height or type of user are 
subject to legislative control in respect of fire 
precautions generally, and the local authority 
has the powers to make statutory requirements 
in this respect. It is, therefore, obviously 
more important to consider the “ uncontrolled ” 
buildings, as invariably their structure and 
general layout is below the standard of the 
controlled buildings in relation to fire resistance 
generally and as a result often present a far 
greater fire hazard. 

An extremely helpful and informative code 


of good practice for oil burning equipment is 
contained in British Standard 799: 1953, which 
deals mainly with various types of oil burning 
equipment, oil-fuel storage tanks and _ their 
siting, safety devices, boiler-house practice, etc. 

Opinions as to the most effective methods of 
dealing with fires in oil-burning equipment and 
restricting the spread of fire in the event of an 
outbreak may vary, but the fact remains that 
general fire precautions, both from the angle of 
structural separation and the provision of fire- 
fighting equipment, are essential. 

It is the hope of the author that the following 
observations will prove of some value to archi- 
tects, consulting engineers and others who may 
have to deal with these installations. 


OIL FUEL STORAGE TANKS 


Storage tanks should, wherever possible, be 
sited in the open air and provided with catchpits 
having a capacity at least 10 per cent. greater than 
the total capacity of the tanks, provision being 
made for draining off surplus rainwater. Even 
though these tanks are situated outside the build- 
ing, it will be necessary to fill in any openings in 
the walls of buildings overlooking these tanks 
where the latter are less than 20 ft. distant. If 
such openings cannot be filled in they should at 
least be protected by fire-resisting materials, e.g., 
fire-resisting glazing in fixed metal frames to all 
window openings. 

In densely built-up areas, however, the tanks 
have, of necessity, to be sited within the building, 
and where this is the case they should be installed 
at the lowest level possible. They should be 
enclosed within a fire-resisting chamber, provided 
with a catchpit as mentioned above and com- 
pletely separated from the remainder of the 
building by materials possessing not less than a 
four-hour standard of fire resistance. Access to 
and exit from the storage-tank chamber should 
also only be from the open air. Where, for 
reasons of layout and design of the building, the 
storage tank chamber, althouth possessing the 
necessary four-hour minimum standard of fire 
separation from the remainder of the building, is 
entered from within the building other than from 
the boiler room, automatic fire protection should 


be installed in the form of automatic foam equip- ~ 


ment or a combined emulsion sprinkler and 
spray system. 

It should be ensured that the fire-resisting access 
doors to the storage-tank chamber and all 
ventilating and pipe ducts are so arranged as to 
maintain the catchpit formation within the 
chamber. 

BOILER ROOMS 


Exactly the same conditions should be applied 
to the siting, separation and protection of boiler 
houses as in the case of oil-fuel storage chambers. 
Under no circumstances should the main oil- 
fuel storage tank(s) be sited in the boiler room. 
They should always be separated from the boilers 
by a wall, having a four-hour standard of fire- 
resistance and carried up to the under side of the 
ceiling or roof. Any access door provided in this 
wall should be of fire-resisting construction 
and should be kept locked when not in use and 
plainly marked to this effect. This is most 
important as all to often these doors are found 
to be open. 

Another poor feature of boiler-room design 
frequently encountered is that sufficient air for 
combustion can only be obtained either by leaving 
the door of the boiler room open, or fitting open 
grilles or louvres in the door. Where the access 
to the boiler room is from within the building, 
such an arrangement results in a complete break- 
ing down of the fire separation, with all the 
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attendant dangers of a fire and large volumes of 
smoke finding their way into the buildin: 


DAILY SERVICE TANKS 


Unless the installation is intended to be fully 
automatic, a daily service tank, preferably sited 
within the oil fuel storage chamber, should be 
provided. If an attendant is not con tantly 
present in the boiler room the capacity of the daily 
service tank should not exceed, say, 150 gallons, 

Where an attendant is continuously present 
in the boiler room one of the following alternative 
arrangements should be considered:—{i) a ser. 
vice tank having a capacity commensurate with 
the normal daily consumption of the installation 
again preferably sited within the oil-fuel storage 
chamber; or (ii) direct gravity feed from the main 
storage tanks to the boiler room. This arrange- 
ment is generally acceptable where the provision 
of a daily service tank of limited capacity may 
adversely affect the convenient operation of the 
plant. 

Where a power-driven pump is installed for 
filling the daily service tank, it should not be 
self-starting. 


FIRE AND SAFETY DEVICES 


The oil cut-off valve that is normally held 
open by a fusible link line should be sited in the 
oil-fuel storage chamber. If the service tank is 
located in the boiler room, provision should 
also be made for a fusible-link-operated oil 
cut-off valve to be inserted in the oil-feed pipe 
from the service tank to the burners. 

As an additional safety precaution the fusible- 
link line should be extended to a manually- 
operated quick release device, e.g., ring and peg, 
fixed to the wall adjacent to the exit door or from 
a position immediately outside the boiler room. 

Since the fusible-link-operated valve will only 
operate in the event of fire, and then not always 
instantaneously, additional precautions should 
be taken to guard against a leakage of oil into 
the boiler room, possibly due to a fracture in the 
oil-feed pipe, other than under fire conditions. 
Two possibilities are suggested:—({a) a cut-off 
device inserted in the oil-feed pipe within the 
storage chamber and connected electrically with 
the burners, and so designed that in the event 
of the burners going out due either to the normal 
conditions of operation or to the cessation of the 
oil supply owing to a leak, the device would shut 
off the oil supply immediately; or (5) if the 
main oil-feed pipe is laid in a trench, the latter 
should be designed to lead into a small sump, 
having, say, a maximum capacity of 5 gallons, 
in which is situated an electrically or mechanic- 
ally operated float switch connected to a cut-off 
valve in the oil-feed pipe in the oil-fuel storage 
chamber. This cut-off should be positive in 
action and if electric should be of the “* closed ”- 
circuit type so that the operation of the float 
switch breaks the circuit and closes the valve. 
If the main oil-feed pipe is not in a trench then 
it is suggested that the floor of the boiler room 
should be designed with a “ fall ’’ towards a small 
sump. 

An alarm should be fitted to each main storage 
tank and so arranged as to give an audible 
warning to the person in charge of the delivery 
tank wagon well before the oil level reaches the 
top of the tanks. This would be desirable in 
all cases where the filling point is not visible from 
the storage tanks and no continuous visible 
indication of the oil level is provided at the 
filling point. 


FIRE APPLIANCES 


Two-gallon foam extinguishers and pails of 
clean, dry sand should be provided and installed 
on suitable brackets in the boiler room. The 
Fire Brigade should be consulted on the number 
that should be provided and their positions. 

Although under certain conditions, already 
outlined, automatic fire protection is not con- 
sidered essential for oil-fuel storage chambers 
and boiler houses, it may still be necessary, 
according to circumstances, to instal foam inlets 
for use by the Fire Brigade in the event of fire. 
The advice of the latter should be obtained in all 
such cases. 
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NATIONAL PHYSICAL LABORATORY 
EXHIBITS DISPLAYED ON OPEN DAY 


On Friday, May 20, the National Physical 
Laboratory was open to invited visitors, who 
were able to see examples of the work carried out 
there during the past year. 


AERODYNAMICS 

The study of airflow and smoke patterns over 
ships’ models, to determine suitable arrangements 
for draught screening on games decks and recrea- 
tion spaces, and methods for smoke abatement, 
is carried out in the open-jet tunnels, as are also 
investigations on the airflow over landscapes and 
buildings. In the aircraft field, the possibilities 
of reducing fuselage drag by suction through a 
porous skin are being investigated in the 13 ft. by 
9 ft. tunnel; the fuselage is represented by a 
body of revolution in which the middle part is 
made of a porous material through which 
boundary layer is sucked. The model is sup- 
ported from the overhead balance by a stub 
wing, and the use of suction for improving the 
flow at the wing-root junction is also to be 
investigated. 

The Aerodynamics Division is starting research 
on a tandem-rotor helicopter model; the aft 
rotor can be moved longitudinally and vertically, 
and its axis can be tilted fore-and-aft. Lift, 
drag and pitching moment will be determined 
for various rotor configurations. The rotors, 
geared together, are driven by two coupled 3-h.p. 
electric motors housed in the model body. At 
the maximum motor speed of 3,000 r.p.m. the 
rotors will be rotating at 1,800 r.p.m., giving a 
tip speed of 400 ft. per second and a centrifugal 
force at the blade tips of 2,500 g. To keep the 
weight of the blades as low as possible, they are 
of hollow magnesium with brass leading edges, 
which also ensures that the centre of gravity 
is approximately at the centre of pressure, thus 
minimising twist. To safeguard personnel, the 
tunnel is reinforced with steel plate. 

Also on view were examples of detailed 
studies in the 20 in. by 8 in. and 9 in. by 3 in. 
tunnels on flow separation at high speeds. 
This work has made it possible to predict the 
occurrence of separation on wings without 
sweep back, and to delay separation by boundary- 
layer control. Similar studies are now to be 
made on swept-back wings in the 18 in. by 4 in. 
tunnel. A new 36 in. by 14 in. tunnel for speeds 
up to Mach 1-8, and shown in Fig. 1 below, has 
been built for further work on separation. 

Also seen for the first time, and illustrated in 
Fig. 2, is the new precision workshop for manu- 
facturing, by the tangent-plane method, model 
aerofoils and wings for testing in the high-speed 
wind tunnels. The accuracy of profile required 
is of the order of 0-0005 in. 


METROLOGY 


Among the many interesting exhibits of the 
Metrology Division was a microphotometer 
intended for analysing photographic records of 
line standards, by which it is hoped to be able 
to measure the difference between two standards 
to a few hundred-thousandths of a millimetre. 
If this proves possible, comparisons can be made 
more rapidly as well as more accurately than 
at present. 

The Metrology Division also showed the new 
comparator for measuring rapidly and accurately 
the pitch errors of fir-tree-root serrations of gas 
turbine blades, described in an article in the 
May 20 issue of ENGINEERING, and a new 
accelerometer for investigating the accelerations 
experienced in aircraft crashes, developed for 
the Ministry of Supply. 


METALLURGY 
_Comprehensive data on the creep and relaxa- 
tion properties for times up to 10,000 hours of 
steels for steam power plant have been compiled 
by the Metallurgy Division, and examples were 
On view of the results of tests on ferritic and 
austenitic superheater tubes and steam pipes, a 


ferritic Last steel for turbine casings, and ferritic 


steels for flange-bolt applications. The materials 
tested were cut from components as used in 
service. The tests are to be extended beyond 
10,000 hours. 

Also on view were examples of the application 
of radio-active tracer techniques to studies of 
grain boundary embrittlement; bending fatigue 
tests with progressive loading on metals subject 
to strain ageing including aluminium alloys; 
and a new X-ray technique for investigating the 
mechanism of fatigue failure, in which changes 
in the structure of individual grains of metal are 
observed by recording photographically very 
low-angle scattering of X-rays. This is achieved 
by using a finely focused beam of partially 
mono-chromatised X-rays, the fine focusing being 
carried out by two mirrors. In copper speci- 
mens, it has been observed that, after a very 
small tensile strain, a number of streaks appear 
in the low-angle diffraction pattern from indivi- 
dual grains, which grow in length and intensity 
with progressive fatigue stressing. 


MATHEMATICS 


Among the activities of the Mathematics 
Division displayed during the open day were the 
DEUCE digital electronic universal computing 
engine constructed by the English Electric 
Company Limited, which has recently been 
described in detail in ENGINEERING (March 11); 
the servo-operated differential analyser described 
in the November 19, 1954, issue of ENGINEERING, 
in which numerical quantities are represented by 
shaft rotations but are transmitted electrically ; 
and a group of 20 punched card machines 
of six different types, used for numerical 
analysis, among which may be mentioned the 
IBM 626 electronic/mechanical calculating punch, 
able to add, subtract, multiply, divide and 
perform combinations of these arithmetic 
processes at high speed. The time taken to 
perform one arithmetic step such as addition, 
multiplication by one digit of a multiplier, etc., 
is about 4 second. The contents of the 
arithmetic unit are displayed on neon lights in 
front of the machine. The value of the digit 
standing in each position in the unit is repre- 
sented by the appropriate combination of four 
lights of individual values 1, 2, 2 and 4. 


ELECTRICITY, LIGHT AND PHYSICS 


One of the exhibits of the Electricity Division 
was an audio frequency wattmeter in which 
amplifiers are used to supply currents to the 
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wattmeter coils, proportional to the voltage and 
the current in the circuit in which power is being 
measured. By this means, the power consumed 
in the coils is obtained from an auxiliary circuit 
and the measured circuit is not appreciably 
disturbed by the presence of the instrument. A 
further advantage is that the major source of 
error in dynamometer wattmeters at audio 
frequencies, the power-factor error, is almost 
eliminated. Power may be measured at low 
power factors up to the limiting frequency of 
20,000 c/s, with an error of approximately one 
half per cent. of the full-scale deflection. The error 
at high power factors is even less. 

A voltage divider and a resistance shunt are 
necessary to provide the signal voltages for the 
amplifiers and these have been specially con- 
structed in order to reduce the residual inductance 
and capacitance to negligible values. Adjustable 
earth plates were used to make fine adjustments 
in the time constants of the sections of the 
voltage divider so that the final values were all 
the same to within 0-02 microhenry per ohm. 

The instrument is provided with a number 
of current and voltage ranges and may be used 
to measure current, voltage and power con- 
secutively without disturbance to the measured 
circuit. 

The Light Division demonstrated a precision 
telephotometer used for measuring the exact 
shade of red light given by the red rear reflectors 
of vehicles; the light from the reflector is 
matched against a mixture of red, blue and green 
primaries from a colorimeter and compared with 
the specified limits laid down by the British 
Standards Institution. 

The Physics Division are carrying out trials 
with the Collins medium-scale helium liquefying 
plant from which it is hoped to be able to 
supply the needs of universities and other 
laboratories engaged on low-temperature physical 
research. They also demonstrated apparatus 
for determining the conductivity of heat insulators 
at temperatures down to —195 deg. C. In this 
apparatus, the flow of heat is measured from a 
“hot” plate to a “cold” plate through the 
material; the cold plates are cooled either with 
liquid nitrogen down to about —195 deg. C. or 
with solid carbon dioxide down to about 

—75 deg. C. The materials tested include fine 
fibred glass or in metal wool blanket, expanded 
plastics and ebonite, and some light weight 
powders. 

The Physics Division have now completed 
their extensive investigations on equal loudness 
contours—over 100 persons were studied and 
some 100,000 judgments analysed—and showed 
the resulting curves, which differ in several 





Fig. 1 The new 36-in. by 14-in. wind tunnel in the Aerodynamics Division at N.P.L. Operating 
at speeds up to Mach 1-8, it will be used to investigate separation problems. 
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Fig. 2 Part of the aerofoil workshop where high-precision aerofoils and 


wing models are made. 


respects from earlier determinations carried out 
on a smaller scale. 


SHIPS 


A radio control system, developed for the 
Ship Division for free-model studies of ships’ 
manoeuvring characteristics by Mr. Cummins 
of Vickers-Armstrongs Limited, Weybridge, was 
one of the exhibits of the Ship Division. A 
model and the associated control unit is shown 
in Fig. 3 above. 

The shore unit comprises a control desk, a 
unit containing a power supply, radio frequency 
modulator and radio transmitter and an aerial. 
The control desk provides two levers and a wheel, 
the former controlling the port and starboard 
propulsion motors and the latter the helm. 
Operation of any one control rotates a com- 
mutator which selects in sequence either one or 
two of the three audio channels available for 





Fig. 4 Magnetic drum for information storage, 
used in conjunction with the ACE pilot model 
digital computer. 
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Fig. 3 Radio control system for free-model studies of ships’ characteristics, 


that control, and the radio output is modulated 
accordingly, there being therefore nine audio 
channels on the 465-Mc/s carrier. The carrier 
is received and detected in the model, the audio 
outputs being selected by a group of nine filters 
and used to operate the same number of change- 
over relays. Each group of three relays controls 
the 24-volt direct-current supply to a star-wound 
repeater motor constituting the controlled 
element. The repeater motors drive, through 
suitable gearing, the rudder head and two rotary 
switches, which introduce resistors into the 
armature circuits of the propulsion motors and 
embody reversing contacts so that each motor 
can be controlled from full ahead to full astern. 
All power supplies in the model are drawn from 
two 12-volt car batteries in series, the high 
tension for the receiver unit being drawn from 
a small rotary converter. 

They also showed apparatus for determining 
the rate of solution of air from bubbles in water 
which is required for designing cavitation-test 
tunnels. In the apparatus the rotational speed 
and pressure of a cylinder of water can be 
independently varied. The rotation of the water 
causes bubbles introduced into it to centre 
themselves on its rotational axis, where photo- 
graphs taken at known intervals of time deter- 
mine the rate of decrease in size. The turbulence 
level depends upon the rotational speed, and the 
concentration and pressure are obvious variables. 


Results so far obtained are in good agreement - 


with theory. 

The water tunnel now has a new dynamo- 
meter; the 30-horse power motor floats on com- 
pressed-air bearings in a swinging frame. The 
torque and thrust are measured by hydraulic 
pick-offs developed by the Mechanical Engineer- 
ing Research Laboratory, and the shaft speed 
by an electrical tachometer. The indications 
are displayed on a central control panel. 


CONTROL MECHANISMS 


_ A model of the magnetic drum, which is used 
in conjunction with the mercury delay-line store 
of the ACE pilot model digital computer, was 
one of the exhibits of the Control Mechanism 
and Electronics Division. Shown in Fig. 4, it 
has 128 tracks, each of which stores 1024 digits, 
but employs only 16 pairs of recording and 
reading heads. 

They also showed a commercial self-balancing 
recorder, modified as a data-processing unit to 
operate a card-punch or an automatic type- 
writer as well as producing its normal record. 
The instrument has been developed on behalf 
of the British Coal Utilisation Research As- 
sociation. 

The recorder used is a multi-point type which 
measures the voltage at each of 16 inputs in turn 
by means of a servo-balanced potentiometer. 
This type of instrument is frequently used in 


various industries for the recording of temper- 
atures. 

Within the recorder there is a shaft which 
turns through nearly one revolution and whose 
rotation is proportional to the instrument’s 
reading. The modification, which comprises a 
self-contained unit, consists of aitaching to this 
shaft a circular brass plate whose surface has 
been photo-etched to a particular pattern, the 
etched portions being filled with an insulating 
resin. A stationary set of electrical brushes 
makes contact with the plate and each brush is 
connected to a relay; the plate is energised any 
the etched pattern is arranged so that for and 
position of the plate a unique pattern of energised 
relays is set up. Furthermore, this pattern is 
a digital representation of the position of the 
plate and hence of the instrument’s reading. 
The contacts of the relays are arranged so that 
a card-punch or typewriter may be made to 
tabulate the reading which the relays are holding. 


xk kek * 


AIR-BREAK STATOR 
REVERSER 


11-kV Unit for Colliery Winders 


The General Electric Company, Limited, Kings- 
way, London, W.C.2, have now extended their 
range of air-break stator reversing contactors 
by a unit suitable for operation at 11 kV. It 
is designed for use where frequent reversal is 
required, such as on colliery winders. co 

In this reverser, which is generally similar in 
design to the existing 3-3-kV and 6-6-kV pat- 
terns, the individual phase assemblies are sup- 
ported by insulated steel bars, which are mounted 
vertically so as to prevent the accumulation of 
dust and consequent danger of tracking. The 
single break main contacts are of the butt type 
and close with a rolling action. They are con- 
tained in arc chutes of standard design, each 0 
which has two blow-out coils. These blow-outs 
are only in circuit during the arcing period so 
that more turns can be used on the coils than 
if they were continuously rated. Access to the 
contacts is obtainable by swinging the chutes 
back. 

The contactors can be operated either mag- 
netically or pneumatically, the drive in each case 
being through insulated push rods from a com- 
mon shaft, which is mounted in ball bearings. 
Oil-immersed shock absorbers are fitted 0 
minimise wear and tear. 

The individual contactor groups are mech- 
anically interlocked to prevent more thai = 
unit being closed at a time. A further inter!o¢ 
ensures that if the arc should persist whe: one 
contactor is opened no other can be closed 
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SUPERCHARGED MARINE DIESEL 
ENGINES UP TO 1,250 H.P. PER CYLINDER 


The Gotaverken shipyard in Gothenburg, Swe- 
den, manufacture a wide range of Diesel engines 
made to their own designs—in 1954 engines 
totalling 150,000 indicated horse-power were 
delivered—and recently they have produced their 
first supercharged Diesel engine for a com- 
mercial ship, after a period of experiments and 
design work. Their standard two-stroke single- 
acting Diesel engine without supercharge has 
been built for about 15 years in their own 
engine shops and—on a licence basis—in other 
shipyards. It has now been fitted in about 250 
ocean-going vessels, and they and their licensees 
have engines on order for a further 60 ships. 

The Gotaverken Diesel engines type VG and 
VGS have gradually been developed since the 
first unit was built in 1938, but some fundamental 
characteristics have remained unaltered through- 
out these years. Thus, the engine is a two- 
stroke single-acting crosshead engine with cylin- 
ders longitudinally scavenged from scavenging 
ports encircling the lower part of the liner. 
Each cylinder has one exhaust valve in the 
centre of the cylinder cover. Fuel injection is 
of the standard solid-injection type with two 
injectors for each cylinder. The pistons are 
oil cooled and the cylinders are fresh-water 
cooled. Sizes range from 520 mm. bore by 
900 mm. stroke to 760 mm. bore by 1,500 mm. 
stroke. 

Other fundamental characteristics have gradu- 
ally been modified. Thus the scavenging system 
has been developed from a separate scavenging 
air cylinder of tandem type at the forward end 
of the engine, through a system with under-piston 
scavenging to the present standard arrangement, 
which has two small double-acting scavenging 
pumps for each working piston built into the 
upper part of the engine entablature and driven 
from the crosshead. This system is now stan- 
dardised on non-supercharged as well as on 
supercharged engines. 

Furthermore the tendency has been—practic- 
ally completely—towards engines with welded 
bedplates and entablatures, but with cast-iron 
guide faces, and in all engine types the thrust 
bearing—of Michell type—has been built into 
the after part of the engine bedplate. The 
welded entablatures are mainly distinguished by 
being designed as box-type units, one for each 
engine cylinder, in which the plates transfer the 
explosion forces from the cylinder-top to the 
engine bedplate without using the through stay- 
bolts needed in a cast-iron structure. In the 
upper part of each entablature a strong cast-steel 
frame is inserted to which the working cylinder 
and the cylinder covers are attached by a set of 
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studs. The entablatures are bolted together and 
in their upper part, adjacent to the scavenging 
air belt, they are inter-communicating, forming a 
scavenging air receiver through the whole length 
of the engine. Around the piston rods for the 
working pistons and the scavenging air pistons, 
stuffing boxes are fitted to keep cylinder oil and 
circulating oil entirely apart. Fig. 1 shows a 
supercharged engine under test at the works. 

The design of the VG and VGS engines has 
always aimed at producing an engine which is 
easy to handle and which has good accessibility 
for overhaul; the manoeuvring system for 
starting, reversing and fuel regulation has been 
developed with the same end in view. 


HEAVY FUEL OIL 


For two years Gétaverken have had a two- 
cylinder experimental engine, with a bore of 
680 mm. and a stroke of 1,500 mm., of the 
fabricated design, installed in an experimental 
shop for the purpose of developing this type for 
burning heavy fuel oil as well as for super- 
charging and general testing. On this test 
engine, fuel oil burning was developed and has 
since been installed in 35 ships, 25 of which 
are new ships and 10 conversions. 

The VG and VGS type engines are stated to 
be particularly suitable for burning fuel oil 
because of their good scavenging and of the 
possibility of separating efficiently the working 
cylinder and the scavenging air receiver from the 
crankcase. When burning heavy fuel oil, the 
injectors have a separate cooling circuit using 
normal Diesel oil as a cooling medium. The 
Diesel oil, in its turn, is cooled by seawater in a 
heat exchanger. This system gives a good 
flexibility and is a safeguard against leaking fuel 
oil contaminating the fresh-water circulating 
system. After extensive research work regarding 
cylinder wear and thorough experiments with 
different kinds of cylinder liners, Gétaverken 
have now developed alloys which have given 
very good figures for cylinder wear when burning 
fuel oil. 


SUPERCHARGING 


For two years the firm have had a supercharged 
engine—designed exclusively for fast naval 
vessels—which is believed to have the highest 
mean effective pressure reached by any two-stroke 
engine. This engine is the TOP engine— 
** Turbo-charged Opposed Piston ’—which has 
a cylinder bore of 185 mm. and a stroke of 
230 mm. for each piston. The ten-cylinder 
engine has a top rating of 3,250 shaft horse- 
power at 975 r.p.m. The scavenging pressure 
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Fig. > Outline drawing of 8-cylinder supercharged engine, 760-mm. bore by 1,500-mm. stroke. 


2. Intercooler. 
6. By-pass valve. 


1, Compressor. 


3. Intermediate scavenging-air receiver. 
7. Exhaust-gas turbine. 


5. Exhaust-gas receiver. 
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Fig. 1 Two-stroke, two-cylinder marine Diesel 
engine, supercharged to 24-9 Ib. per sq. in., under 
test at the G6taverken works. 


is 1-75 kg. per square centimetre (24-9 Ib. per 
square inch) gauge and the corresponding 
mean effective pressure is 12-15 kg. per square 
centimetre (172-8 lb. per square inch). The 
experience gained with this highly supercharged 
two-stroke engine was used to develop a super- 
charged version of the standard engine. 

The most important question was, of course, 
the reliability of the machinery and, from that 
point of view, it was desirable to avoid high 
exhaust-gas temperatures and to develop a 
system where a failure of the turbo-charger 























(2913.c) “ENGINEERING” 


Fig. 3 1. Compressor. 2. Intercooler. 3. Inter- 

mediate scavenging-air receiver. 4. Spring valve 

for scavenging pumps. 5. Exhaust-gas receiver. 

6. By-pass valve. 7. Exhaust-gas turbine. 
8. Exhaust-heat boiler. 
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Fig. 4 Fuel consumption and mean effective 
pressure. 


would not seriously affect the engine. The 
mechanism should not become more compli- 
cated in use and maintenance, and it should be 
able to run on heavy fuel oil just as well as the 
non-supercharged engine. A comparatively high 
rate of supercharge was aimed at—35 per cent.— 
which gives an M.E.P. of 8-8 kg. per square 
centimetre or 125 lb. per square inch. 

The resulting design is shown in Fig. 3 and 
in the drawing showing the installation of an 
8-cylinder unit of the 760/1500 type, Fig. 2. 
As may be seen from Fig. 3, the constant pressure 
system has been chosen and the existing 
scavenging pumps are retained, coupled in series 
with the supercharger compressor. The scaveng- 
ing pumps are of a reasonably compact design 
so that no sacrifice of space is necessary when 
retaining them. At the same time their presence 
makes it possible to maintain the normal non- 
supercharged output level when the super- 
charger is idle, and they also give a guarantee of 
a sufficient quantity of scavenging air when 
running slow or when heavy deposits have formed 
in the air system. If the turbine has to be 
stopped, there is a by-pass valve which makes it 
possible to run the engine non-supercharged. 
The engine speed would then drop about 10 per 
cent., depending upon the hull and propeller 
characteristics. The constant-pressure system 
gives an efficient utilisation of a given turbine 
size. Consequently the standard supercharged 
units now available are claimed to be sufficient 
even for the largest installations. Where one 
engine is sufficient it may be used without 
sacrificing the reliability. And as the constant- 
pressure system gives some freedom as to the 
location of the supercharger, this can be mounted 
in the most suitable place in the engine room. 

To verify these aspects of design, a Brown- 
Boveri turbo-charger was installed on the two- 
cylinder test engine previously mentioned. 


Because of the great pressure fluctuations which 





“ENGINEERING” 


occur with a two-cylinder two-stroke engine, 
the receiver sizes were increased to produce 
variations similar to those in a multi-cylinder 
unit. Fig. 5 shows the cylinder heads and 
valve gear; the turbo-charger is mounted behind 
the ducting. 

As shown in the drawing, Fig. 3, a centrifugal 
compressor is introduced before the reciprocating 
scavenging pumps. In this compressor the air 
pressure and temperature are raised. The air 
then passes a cooler before it is aspirated into the 
scavenging pumps where it is given the pressure 
rise needed for scavenging the engine. It might 
be stressed that the reciprocating pumps aspirate 
a fixed air volume for each stroke ensuring a 
good scavenging efficiency and moderate exhaust- 
gas temperatures. On the other hand the 
pressure ratio over the pumps is governed by the 
back-pressure, which enables the supercharger 
to take over from the pumps as the output from 
the engine is increased. After the exhaust valve 
there is an exhaust-gas receiver where the 
pressure fluctuations are equalised before the 
gases pass to the turbine. The temperature drop 
over the turbine is moderate, and therefore it is 
possible to use an exhaust heat boiler for steam 
production. 

The experience gained from the two-cylinder 
unit is encouraging and the expected output 
increase of 35 per cent. has been reached. From 
the fuel consumption diagram Fig. 4, it will be 
seen that consumption falls below 160 g. per 
brake horse-power hour (0-35 Ib. per brake horse- 
power hour) before half-load is reached and 
then stays below this figure with a good margin 
at all higher loads. The exhaust-gas tempera- 
tures, measured before the turbine, stay below 
400 deg. C. at 112 r.p.m.-leaving a satisfactory 
safety margin for the valves. The thermal 
load on the engine has not been increased when 
adopting supercharge. The table gives the 
range of engines now being made with super- 
charging; the largest available is a 12-cylinder 
model which has a maximum rating of 15,000 
brake horse-power. 


Table of Engine Sizes 


Approximate 





B.h.p. per 
Weight, 2 
kg. per b.h.p. Cylinder 
Cylinder | Piston cea a 
Bore, | Stroke, R.p.m. 7 
mm. mm. on- Non- 
super, | SuPer | super | SuPet, 
charged 8 | charged | x 
520 900 | 160 38 30 375 500 
630 | 1,300 mi eoTtTlem ] oes 825 
680 | 1,500 112 53. | 42 750 1,000 
760 1,300 | 125 60* | 47* | 905 1,200 
760 1,500 112 53 42 | 935 | 1,250 


Fig. 5 Cylinder heads 
and exhaust valve gear 
of the 
engine. The exhaust 
turbo-charger is moun- 
ted in the background. 


experimental 
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LAUNCHES AND TRIAL 
TRIPS 


H.M.S. “ PENSTON.”—Twin-screw coasta! mine. 
sweeper, built by Cook, Welton and Gemme'l, Ltd 
Beverley, Yorkshire, for the Admiralty, London’ 
S.W.1. Main dimensions: 152 ft. by 28 ft. 9 in. by 
14 ft. 9 in.; armament, three small guns. Stand irdised 
Diesel propelling engines supplied by Mirrlees 
Bickerton and Day, Ltd., Stockport, Cheshire 
Launch, May 9. F 

S.S. “* JaRAGUA.”’—Single-screw oil tanker, built by 
the Godtaverken Shipyard, Gothenburg, Sweden, for 
A/S Kosmos (Manager: A/S Anders Jahre & Co.) 
Sandefjord, Norway. Stated to be the largest 
vessel so far constructed in Scandinavia. Main 
dimensions : 662 ft. 6 in. overall by 86 ft. by 47 ft. 2in.: 
deadweight capacity, about 34,500 tons on a mean 
summer draught of 34 ft. 6 in. Steam turbines 
with reduction gearing, developing 9,800 s.h.p. at 
115 r.p.m. in service, designed by Akt. de Lavals 
Angturbin, Stockholm, and partly constructed by the 
shipbuilders. Steam supplied by two Babcock and 
Wilcox oil-fired boilers. Speed, 15 knots fully 
loaded. Launch, May 12. 

M.S. “* Fosna.”—Single-screw oil tanker, built by 
Smith’s Dock Co., Ltd., South Bank-on-Tees, for 
A/S J. Ludwig Mowinckels Rederi, Bergen, Norway. 
Main dimensions: 500 ft. between perpendiculars by 
69 ft. 6 in. by 38 ft.; deadweight capacity, 16,400 
tons on a draught of 29 ft. 94 in. Kincaid-B. and W. 
two-stroke Diesel engine, developing 5,500 b.h.p. at 
110 r.p.m. in service, built by John G. Kincaid & 
Co., Ltd., Greenock. Speed, 14 knots in loaded 
condition. Trial trip, May 17. 

S.S. ‘‘ THORNELLA.”—Single-screw trawler, built 
by Cook, Welton and Gemmell, Ltd., Beverley, 
Yorkshire, for J. Marr and Sons, Ltd., Hull. Main 
dimensions: 189 ft. by 32 ft. by 16 ft. 3 in.; gross 
tonnage, about 800; fishroom capacity, 15,640 cub. 
ft. Triple-expansion steam engine and one multi- 
tubular oil-burning boiler, constructed and installed 
by Charles D. Holmes & Co., Ltd., Hull. Launch, 
May 20. 

M.S. “‘ BoRDER REIvER.”’—Single-screw oil tanker, 
built by Sir James Laing and Sons, Ltd., Sunderland, 
for the Lowland Tanker Co., Ltd. (Managers: 
Common Brothers, Ltd.), Newcastle-upon-Tyne. 
Main dimensions: 515 ft. between perpendiculars by 
69 ft. 6 in. by 37 ft. 6 in.; deadweight capacity, about 
16,000 tons on a draught of 30 ft. Six-cylinder 
opposed-piston oil engine constructed by William 
Doxford and Sons, Ltd., Sunderland. Launch, 
May 20. 

S.S. “* HinpsiA.”’—Single-screw general-purpose 
oil tanker, built by Vickers-Armstrongs Ltd, 
Barrow-in-Furness, for Shell Tankers Ltd., London, 
E.C.2. First of a series of three similar vessels for 
these owners. Main dimensions: 530 ft. between 
perpendiculars by 69 ft. 3 in. by 39 ft. to upper deck; 
deadweight capacity, about 18,000 tons. Parsons 
double-reduction geared steam turbines of Pametrada 
design, developing 7,500 s.h.p. at 100 r.p.m. in 
service. Steam supplied by two Foster Wheeler 
oil-burning water-tube boilers. Speed, 14} knots. 
Launch, May 24. 

M.S. “ Havprott.”—Twin-screw oil tanker, built 
and engined by Eriksbergs Mek. Verkstads Aktie- 
bolag, Gothenburg, Sweden, for Meyers Tankrederi 
A/S, Oslo, Norway. Sixth vessel constructed for 
these owners. Main dimensions: 659 ft. 3 in. overall 
by 86 ft. by 45 ft. 9 in.; deadweight capacity, 32,100 
tons on a summer draught of 34 ft. 1} in.; oil-tank 
capacity, about 1,560,800 cub. ft. Two Eriksbergs- 

and W. six-cylinder single-acting two-stroke 
Diesel engines, together developing 13,800 i.h.p. 
Speed, 15} knots fully loaded. Delivered, May 24. 

M.S. “ Rep Crest.”—Single-screw trawler, built 
by John Lewis and Sons, Ltd., Aberdeen, for the 
Iago Steam Trawler Co., Ltd., Fleetwood, Lancashire. 
Main dimensions: 135 ft. between perpendiculars by 
26 ft. 6 in. by 13 ft. 3 in.; fishroom capacity, about 
9,300 cub. ft. Five-cylinder Diesel engine, developing 
800 b.h.p. at 250 r.p.m., constructed by British Polar 
Engines, Ltd., Glasgow. Launch, May 24. 

M.S. “ Cretic.”—Twin-screw cargo vessel, built 
by Swan, Hunter, and Wigham Richardson, Ltd., 
Wallsend-on-Tyne, for Shaw Savill and Albion Co., 
Ltd., London, E.C.3. Main dimensions: 481 ft. 
between perpendiculars by 69 ft. by 33 ft. 44 in. to 
upper deck; deadweight capacity, 11,480 tons on 4 
draught of 30 ft. 4} in.; gross tonnage, 11,151; 
refrigerated-cargo capacity, 333,430 cub. ft.; general- 
cargo capacity, 303,890 cub. ft. Two Wallsend- 
Doxford six-cylinder single-acting two-stroke opp osed- 
piston oil engines, together developing 12,860 b.h.p. 
at 114 r.p.m., constructed by the Wallsend Slipway 
and Engineering Co., Ltd., Wallsend-on-'yne. 
Service speed, 17 knots. Trial trip, May 26. 














mine- 

Ltd., 
ndon, 
n. by 


Tlees, 
Shire, 


ilt by 
1, for 


irgest 
Main 
2 in.: 


bines 
D. at 
avals 
vy the 


fully 


It by 
, for 
‘way. 
rs by 


dW. 
p. at 
id & 
aded 


built 
tley, 
Main 








ENGINEERING June 10, 1955 


INTERNAL GRINDING 
UNDER AUTOMATIC 
CONTROL 


Electro-Hydraulic Operation 


The re-designed automatic internal grinder 
introduced by J. E. Reinecker Maschinenbau, 
G.m.b.H., Eisingen, Germany, and marketed in 
the United Kingdom by Stuart Davis, Limited, 
Much Park-street, Coventry, is electro-hydraulic- 
ally controlled, with a completely automatic 
grinding cycle. It has a range of from 0-25 in. 
to 3 in. internal diameter, and up to 5 in. in depth. 

The machine consists of a base which houses 
the main drive-motor and hydraulic pump and 
carries a work-head and grinding spindle. The 
work can be carried in any type of chuck— 
three-jaw, Magnetic, air-operated or collet as 
required, and is rotated by an independent motor. 
The head is reciprocated hydraulically, with the 
stroke controlled by adjustable stops which actuate 
solenoid valves. It has a high-speed advance 
and return to and from the grinding position, 
and a slower speed, which is infinitely variable, 
for the actual grinding part of the cycle. 

The grinding-wheel spindle carrier is mounted 
on ball-tracks, and is moved hydraulically across 
the centre-line of the work-head to provide the 
in-feed necessary for grinding. A cam controls 
the movement of the spindle, which is moved 
against the cam by a hydraulic cylinder ; this 
arrangement gives positive location and elimin- 
ates backlash. The in-feed is adjustable from 
0:0002 in. to 0-001 in. per work-head cycle. 
Push-button start and stop controls are fitted 
for the motors driving the hydraulic pump, 
work-head, grinding spindle and coolant pump. 
Hole-sizing is by the indirect method, the grinding 
wheel being returned automatically after rough 
grinding to a diamond dresser, which is set 
manually by means of a dial graduated in 0-00008- 
in. divisions. 

With the driving motors running it is only 
necessary to load a component in the chuck and 
move a starting lever on the machine base; the 
grinding cycle then proceeds automatically. 
The work-head begins to rotate and advances 
rapidly to the grinding position. At the same 
time the coolant supply is started. Rough 
grinding then proceeds. When this is completed 
the wheel is dressed automatically and the 
finish-grinding part of the cycle commences. 
When the component is ground to size the head 
returns to its rest position, the chuck ceases to 
rotate, the coolant supply is cut off, and the 
machine is ready for re-loading. 

_The very close traverse setting possible enables 
either straight-through or partially blind holes 





The Reinecker internal-grinding machine operates on a fully automatic 
cycle, and is only loaded and unloaded by hand. 


to be ground with equal facility, and taper holes 
can be ground by swivelling the work-head to 
any angle as required within its maximum move- 
ment of 30 deg. off the centre line. Simple radii 
or internal profiles can be ground from templates 
by a special adaptation of the machine, and the 
sizing can be automatic from plug-gauges at the 
rear for through-holes if required. A further 
extra feature of the machine is a face-grinding 
attachment. This is fitted to a saddle between 
the internal-grinding spindle and the work-head, 
and is coupled to the main hydraulic system. 
The wheel is traversed across the face of the 
component to produce a face absolutely square 
with the bore. In-feed is obtained by moving 
the saddle. An independent motor mounted 
behind the grinding wheel is used for the drive, 
and the wheel can either be of the cup type, 
or a plain wheel grinding on its periphery. 
The maximum horse-power requirements of the 
machine are from 4 to 54, according to the 
equipment supplied. 


xk k * 


TESTING PORCELAIN 
INSULATORS 


Impulse Generator for Multiple 
Checks 


Before insulators are used they must be tested to 
prove the quality of their manufacture. Two 
methods are to flash over the insulators either by 
using a voltage as much as ten times the working 
voltage, or by applying a sustained high-voltage 
test in which the voltage takes the form of a 
succession of transient damped oscillations with 
high frequencies, for example, 100 to 200 kc./s. 
The generators normally used for the second 
method are Tesla coils. This combination of 
high voltage and high frequency severely limits the 
total capacitance, and therefore the number of 
porcelain insulators that can be tested at one 
time by a Tesla coil. 

To overcome this problem a generator has 
been developed by the British Thomson-Houston 
Company, Limited, Rugby, which is capable of 
applying high transient oscillatory voltages to a 
number of porcelain insulators at one time, 
under conditions which involve feeding the 
insulators with some 80,000 kVA of oscillatory 
energy. There is a resemblance to a Marx 
impulse generator in that eight capacitors are 
charged in parallel and discharged in series. 
The equipment differs from conventional im- 
pulse generators in being charged and discharged 
recurrently 50 times a second, and in discharging 
through an inductance so that the resulting voltage 


A face-grinding attachment can be fitted if required. 
independent motor and coupled to the main hydraulic system. 








The centre column of the oscillatory transient- 

voltage generator contains spark gaps, and the 

two columns flanking it contain capacitors. In 

operation, eight capacitators are charged in 

parallel and discharged in series at a rate of 
50 times a second. 


transients are oscillatory; it is these transients 
which involve the high kilovolt-amperes of 
oscillatory energy. At full rating the mean 
power input to the generator is some 22 kW; 
of this power about half is available for dissipa- 
tion at the porcelain insulators in the form of 
corona and other dielectric losses. 

The transient generator is 17 ft. high and is 
built in five columns, two formed of capacitors, 
two of inductors and the fifth of spark gaps. 
One of the two inductance columns can be 
seen behind the spark column in illustration of 
the generator above, 


x *k * 


COMBINED PLAN PRINTER AND 
DEVELOPER 


A new machine for printing and developing 
drawings, plans, etc., was shown at the British 
Industries Fair, Olympia, by E. N. Mason and 
Sons, Limited, Arclight Works, Colchester. It 
provides continuous printing and development 
at speeds up to 15ft. per minute. The working 
width of the machine is 45 in., thereby permitting 
the use of continental and American papers. 


It is driven by an 











736 


CONSTANT PUMPING 
PRESSURE 


Automatically Controlled 
Without Changing Speed 


A_ system for the automatic control of the 
delivery pressure has been developed by Plenty 
and Son, Limited, Newbury, Berkshire, for use 
with their positive-displacement rotary pumps. 
The operation of these pumps is such that the 
quantity delivered can be controlled, while the 
pump is running, by varying the eccentricity of 
the rotor. The action was described in 
ENGINEERING, vol. 178, page 672 (1954), The 
great advantage of it is that the pump can run 
at constant speed under all conditions of delivery 
from no-flow to full-flow. The photograph 
below shows a pumping unit fitted with the 
** Constant Pressure Control ’’ (C.P.C.) system, 
the drive being by an electric motor through a 
gearbox; the regulator is on the extreme right. 
This unit has a capacity of 1,070 gallons per 
hour. 

As described in the previous article, the pump 
is of the eccentric-vane type; the inner body 
surrounding the rotor can be moved laterally 
so as to vary, or even reverse, the flow. 

The operation of the system is shown in the 





part-sectioned drawing. The inner body of the 
pump, the movement of which alters the 
eccentricity and therefore the delivery rate, is 
connected by a spindle to the piston a. The 
space below the piston is connected by the pipe b 
to the delivery side of the pump c and the fluid 
in it is therefore at the delivery pressure. The 
space above the piston is connected by the pipe d 
to a hydraulic accumulator e, the piston of which 
carries on it a number of weights f. These 
maintain a constant pressure above the piston a 
and yet allow it to move up or down as the 
delivery pressure varies. The movement of this 
piston is chosen so that if the delivery pressure 
rises, the flow is reduced, and if it falls, the 
flow is increased, in this way correcting the 
pressure change. Weights can be added to, or 
removed from the accumulator to set the 
delivery to the pressure required. 

With this system, no by-pass line or relief 
valve is required. It has been extended to 
include two-stage high-pressure units by using 
a differential piston on the second pump. Asan 
alternative, a system using a spring instead of 
the hydraulic accumulator has been developed, 
but this does not give a strictly constant delivery 
pressure although the variation from no-flow to 
full-flow is only very slight. It has, however, 


advantages in some fields, particularly in marine 
engineering, over the accumulator system. 


If the rate of flow varies, the delivery pressure of this motor-driven pump unit is kept constant by 
means of the hydraulic accumulator on the extreme right. 
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Alterations in the delivery pressure raise or lower the piston a against the constant accumulator 
Pressure. This movement of the piston is arranged to control the pump delivery and thus restore 
the correct pressure. 
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Any type of pallet or stillage which has a height 

to the underside of up to 8} in. can be lifted and 

transported by the ‘* Portapal ’’ hand-propelled 
truck. 


HAND-PROPELLED 
PALLET TRANSPORTER 


The new ‘‘ Portapal” hand-propelled pallet 
transporter, which has recently been added to the 
* Stacatruc”’ range of equipment made by 
I.T.D. Limited, 95-99 Ladbroke-grove, London, 
W.11, has been designed to handle standard 
two-way and four-way single-faced pallets, and 
also the type of stillage that is normally handled 
by a jack-truck. It is shown in the illustration 
above. With a minimum closed height of 
34 in., the lift of 6 in. gives a raised height of 
94 in., sufficient for lifting and transporting 
any stillage which has a height to the underside 
of 84 in. or less. The truck capacity is 1 ton. 
As the pump for the hydraulic system has all 
glands above the oil line, leakage is reduced if 
not eliminated, and floor contamination is 
avoided. 


xk 


SAFETY CONTROL OF OIL TO 
OIL-FIRED BOILERS 


Equipment to prevent the injection of oil into 
oil-fired boilers when the flame is not lit or when 
the flame fails has been produced by Power and 
Ventilation, Limited, Munster Park Works, 
Gowan-avenue, London, S.W.6. The light 
emitted by the flame itself acts on a photo-cell, 
which is protected by a heat filter to prevent it 
being activated by radiation from the refractory 
lining of the furnace, and is connected to 
a control unit. 

Up to three receiver heads can be used on one 
control unit, and the distance from control unit 
to head can be up to 200 ft., because of an 
amplifying valve included in each head. Signals 
from the control unit operate the main burner 
controls, and shut off the supply of oil if the 
flame fails. 


x * * 
MEASUREMENTS ON INDUCTORS 


An instrument for measuring incremental induc- 
tance and equivalent series resistance has been 
produced by Salford Electrical Instruments, 
Limited, Silk-street, Salford, 3, Lancashire. 
The instrument is a reversed Owen bridge which 
has provision for passing direct current through 
the inductor under test; it covers an inductance 
range of from 0-1 mH to 1,000 H in six switched 
ranges, and a resistance range of from 10 
milliohms to 1 megohm. The instrument !s 
divided into three self-contained units, each 0 
which can also be used independently for other 
applications. The three units are: a <dlirect- 
current supply unit for continuous va riable 
current from 0 to 300 mA; a bridge unit in which 
six inductance and resistance ranges are selected 
by a range switch; a low-frequency unit which 
incorporates the alternating-current supp!y tO 
the bridge, a cathode-ray tube balance indi<ator, 
and a valve voltmeter for reading the alter: :ting 
voltage across the test terminals of the bric e. 
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DESIGNING A VERTICAL TAKE-OFF 
AEROPLANE 


THE BELL “ VTOL” 


At a meeting of the Canadian Aeronautical Insti- 
tute in Montreal, Quebec, on May 11, Mr. James 
4. O'Malley, project aerodynamicist at the Bell 
Aircraft Corporation, Buffalo, New York, U.S.A.., 
presented a paper on “* Design Aspects of Bell 
Aircraft VTOL Airplane.” We give below an 
abridged version of Mr. O’ Malley’s paper. 


In starting the construction, as a private 
venture, of the Bell VTOL vertical take-off and 
landing aeroplane, the objective was to take off 
vertically with jet power, to maintain controlled 
hovering and to demonstrate an ability to trans- 
fer from vertical flight into normal horizontal 
fight. The Bell company were not interested in 
high-speed aerodynamic cleanliness at this stage. 
We used a Schweizer glider fuselage and empen- 
nage, a modified Cessna wing, a Bell helicopter 
landing skid, two Fairchild J-44 jet engines lent 
by the U.S. Air Force for power and a Turboméca 
Palouste turbo-compressor for a source of 
compressed air. 

Bell Aircraft decided to accept some engineer- 
ing problems in order to keep the aeroplane’s 
attitude conventional during take-off and landing. 
This decision required some complexity of engine 
mounting, but it provided an aeroplane that 
(1) required no extra ground equipment; (2) had 
a conventional ground attitude and pilot’s cock- 
pit; (3) was able to take-off and land with a 
nearly conventional transition flight path; and 
(4) required no intermixing of control sense by 
the pilot. 

If we had been concerned about high speed 
on this vehicle, we might have left the engines 
horizontal and used a rotating tail-pipe bend. 
This would have imposed certain indeterminate 
losses on the thrust and would have presented a 
fairly complicated design problem. In the 
interest of simplicity, we rotated the whole engine. 
This procedure left the engine virtually un- 
touched and maximised the thrust source. 

One of the problem areas was stability and 
control during hovering and very low-speed 
forward flight. It is apparent that normal aero- 
dynamic damping forces do not exist on a hover- 
ing airoplane. In addition, since there is no 
flow over the control surfaces, there is no control 
in the ordinary sense. Our approach was based 
upon developing a source of control power which 
would be independent of speed and capable of 
controlling the vehicle in hovering flight. After 
extensive studies, we decided upon a reaction 
control which would be powered with high- 
pressure air. Laboratory experiments indicated 
that a simple nozzle could be developed which 
would provide a sizeable force that could be 
varied in size and direction. Preliminary stabi- 
lity and control analyses indicated that the aero- 
Plane would be neutral in hovering but would be 
strongly influenced by engine gyroscopic terms. 
In the interest of simplicity we wanted to make 
this aeroplane manually controlled, without any 
artificial stabilisation or control components 
placed between the pilot and his aircraft. 


CONTROL EVALUATION BY ANALOGUE 
COMPUTER 


This was a problem which required full 
consideration of the characteristics of the pilot, 
the aeroplane and the control system. We were 
unable to write an equation for the pilot, so we 
decided io use him as a component in the loop 
of an electronic analogue computer. For- 
tunately Reeves machines were available at the 
Bell works. We built a crude stick-and-rudder- 
pedal sy:tem and arranged a presentation of the 


aircraft attitude/velocity characteristics on a 
Series oscilloscopes. We connected the 
Controls 10 potentiometers in such a way that we 


ovald fecd various amounts of reaction control 
Orce in'o the circuit. The airframe equations 


were placed on two Reeves machines which were 
interconnected to account for the coupling 
effects of the engine gyroscopic terms. In this 
arrangement, the pilot was able to observe the 
aeroplane attitude on his presentation and 
manipulate the controls to stabilise it. At the 
same time, it was possible to superimpose gusts 
on the airframe, change the control available, 
the gradient of control and significant para- 
meters such as aeroplane weight and inertia. 
During the tests, two 6-channel recorders were 
used to make a record of pilot input, aeroplane 
attitude and velocity. These records were then 
analysed to define the magnitude and gradient 
of control force required. It was concluded that 
the pilot would be able to control the vehicle 
manually, and he has since demonstrated this 
capability in free flight. 

Some test work was necessary to clear the 
J-44 engines for vertical operation, and they were 
not available when the airframe was completed. 
In order to utilise this time in test work, the 
Palouste turbo-compressor was mounted on the 
aeroplane and connected to the reaction control 
nozzles. Ground tests were performed to 
evaluate the installed thrust of the reaction 
controls of the aeroplane. A simplified ground 
rig was arranged to provide some pilot familiar- 
isation with these controls. The aeroplane 
was mounted on a semi-sphere of steel and the 
pilot was able to apply pitch, roll and yawing 
moments to the airframe. The sphere provided 
a base for the resulting motions of the aeroplane. 

When the engines arrived, additional ground 
tests were conducted over a pit to determine 
proper engine operating conditions and to estab- 
lish structural heating effects. It was soon 
determined that structural heating was not a 
serious problem and that the engines could be 
operated vertically. The next series of tests 
were directed toward operating the engines from 
a flat plate surface. The aeroplane was hoisted 
above a steel plate and the jets were allowed to 
impinge directly on the surface. It was deter- 
mined that a landing gear extension of 1 ft, 
would provide a satisfactory operating condition, 
since the impingement of the jet blast moved out 
and away from the aircraft in a thin layer. This 
modification was incorporated and all future 
operations were conducted from a steel plate. 


TETHERED AND FREE FLIGHT 


In order to give a maximum of safety in his 
first attempts at manual control, and to relieve 
the additional problem of throttle control, the 
pilot tested the aeroplane while it was partially 
supported by a weighted cable arrangement. 
This arrangement permitted him to take off at 
less than full throttle, and as he rose to a pre- 
determined altitude the weight pan would 
contact the ground. This gave him an artificial 
ceiling and provided a supporting action in case 
of rapid decrease in power. After several flights 
on the cable, free flight was started. 

On the first flight of the aircraft, the pilot 
required about 40 seconds of familiarisation 
before he was able to rise in a hovering and 
stabilised condition. After about two flights of 
30 to 40 seconds duration he was the absolute 
master of the vehicle. This was most encourag- 
ing since he was not a helicopter pilot. After 
about five more flights it was possible for the 
pilot to hover the aircraft for as long as 2} to 
3 minutes in one spot, considerably longer than 
would be used in a normal VTOL aircraft 
operation. 

Initially it was judged to be advisable to make 
forward translation without rotating the engines. 
A forward thrust component was obtained by 
pitching the aircraft nose down a few degrees. 
These tests progressed rapidly from 10 ft. to 
140 ft. and finally to runs from one flat plate on 
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The Bell VTOL aeroplane. The two Fairchild 

J-44 engines can be rotated through 90 deg. for 

forward flight. Compressed air-jets for flight 

control at low speeds are provided by a Turboméca 
Palouste turbo-compressor. 


the runway to another spot 1,000 ft. away. The 
pilot effected this translation at an altitude of 
about 40 ft. and reached speeds of 40 m.p.h. 
He demonstrated his ability to decelerate to 
hovering, turn 180 deg. and return to the original 
site without landing. 

In order to provide the pilot with a running 
landing gear which would permit level flight 
landings in the event of engine failure at high 
speeds, a Cessna gear was modified to replace 
the Bell skid gear. Some taxi tests have been 
conducted to establish the characteristics of the 
running gear and the aeroplane has been flown 
in level flight to establish that flight regime. 
Up to the present time this has been an extremely 
successful flight programme. The test vehicle 
has been shown to be capable of hovering, 
translating at speeds required for transition and 
flying as an aeroplane. 
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COURSES IN PLANT 
ENGINEERING 


Meeting the Requirements of 
the User 


A course in plant engineering, which has been 
approved by the Council of the Incorporated 
Plant Engineers as meeting the requirements of 
their examination for Associate Membership, is 
to be inaugurated in September at the Hatfield 
Technical College. Classes will be held on 
either one full day or two evenings per week 
and will last for two sessions. The course is 
designed for students who have successfully 
completed an Ordinary National Certificate 
course in mechanical or electrical engineering, 
and to meet the needs of those engaged in the 
selection, installation, maintenance or control of 
fixed or mobile plant. 

The curriculum will be divided into three 
groups: theory and practice of mechanical 
power distribution; theory and practice of 
mechanical energy generation; and theory and 
practice of electrical energy generation and 
distribution. Mechanical engineering students 
will normally take the first and second groups and, 
in addition, a course in the principles of electri- 
city; while electrical engineering students will 
take the first and third groups and, in addition, a 
course in applied heat. They will also be 
expected to show a working knowledge of 
engineering drawing. In all subjects the syllabus 
will be treated from the viewpoint of the plant 
user seeking efficiency under running conditions 
and not from that of the designer and manufac- 
turer. 

Examinations leading to a Plant Engineering 
Certificate and thus to a Full Technological 
Certificate for those holding Ordinary National 
Certificates, will be conducted by the City and 
Guilds of London Institute 
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PIG IRON AND STEEL FROM LOW-GRADE 


ORE AND COKE 


Among the successful methods which have 
been developed for the production of iron in 
the liquid state is the Sturzelberg process, 
which originated in the town of that name on 
the banks of the Rhine in Germany. It was 
introduced for utilising purple ore from sulphuric 
acid works, but is also applicable to other types 
of ore. Recently, a process has been developed 
for converting Sturzelberg iron into steel. 

Adequate supplies of lump-sized ore and metal- 
lurgical coke are necessary for the production 
of iron in a blast furnace. Shortages of suitably 
graded ore can be overcome successfully by 
appropriate ore-preparation, but in the absence 
of the correct type of coke the blast furnace 
cannot operate. In the past, areas without suit- 
able coke have been unable to develop an iron 
industry, and iron-making has become concen- 
trated in those localities where both coke and the 
right type of ore were available without abnormal 
transport charges. The development of an iron 
industry in other parts of the world has been 
dependent upon other methods of production; 
several of these processes have been introduced, 
and some of them are in successful commercial 
use. The iron-producing areas of the world 
have thus become divided into two groups, the 
traditional, based on coke, which is by far the 
larger, and the non-traditional. In recent years, 
however, both lump-sized ore and caking coal 
have become more difficult to obtain, and it is 
obvious that the shortage will become more acute 
as time goes on. 

Any process therefore which will enable 
ore-fines and low-grade carbonaceous material 
such as small coke or low-volatile, non-caking 
coal to be used in the commercial production of 
iron will be of increasing interest to the traditional 
production districts as well as to those parts of 
the world which produce iron by methods other 
than smelting in the blast furnace. These condi- 
tions are fulfilled by the Sturzelberg process. 


PIG IRON FROM ROTARY FURNACES 


The Sturzelberg process uses short rotary 
reverberatory furnaces which are operated on a 
batch-charging basis, and are fired by natural 
gas, oil or pulverised fuel. A typical plant is 
illustrated diagrammatically in Fig. 1. Ore and 
limestone are transferred from the stockyard 
by a grabbing crane and deposited into bins, 
whence they are drawn into buckets and fed to 
the reheating furnace. This rotates about its 
long axis, and is heated by waste gases from the 
reduction furnace (Fig. 2). The mixture of ore 
and limestone is -heated until it begins to “ frit,” 
when the ore is properly dried and the limestone 
is free from acid. The material is then discharged 


into a bucket on a 
truck underneath it. 
The truck transfers the 
bucket to within reach 
of the overhead crane 
serving the furnace bay, 
which lifts it on to a 
pedestal above the 
charging machine. 

The reducing ma- 


terial, coal or coke, is => 


loaded by the grabbing 
crane to a drier, and 
after drying, it is filled 
into buckets which are 
deposited above the 
charging machine. Ore 
and limestone are 
charged into the reduc- 
tion furnace through 
telescopic chutes and 
the dried reducing 
agent is fed into the 
furnace by the charger. 
The reduction furnace, 
like the  pre-heater, 
rotates continuously 
about its long axis. 
For discharging iron 
and slag it can be tilted 
as shown by the dotted 
lines in the section A- 
A, Fig. 1 and in Fig. 3. 
It can be 
through 90 deg. so that 
it can be raised to the 
vertical position for re- 
lining, and it is also 


mounted onaturntable — 


to enable alternate ends 
to be brought against 
the stationary fuel 
burner, for uniform 
heating of the charge. 
Waste gases from the 
reduction furnace pass 
first through the pre- 
heating furnace, then 
through a heat ex- 
changer which pre- 
heats the combustion 
air, next through the 
coke drier, and finally 
through an _ induced- 
draught stack to atmos- 
phere. Molten iron 
from the reduction 


furnace can be tapped 


turned. 


SECTION AT A-A 
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Fig. 1 Diagrammatic layout of Sturzelberg iron plant, with lance-blown 
produced in the reduction furnace. 


converters making steel from the iron 








Fig. 2 The reduction furnace rotates continuously about its long axis during the reduction process, 


and stands on a turntable so that it can be turned end-for-end to ensure even heating. 
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Fig. 3 For discharging the molten pig iron the 
reduction furnace can be tilted. 
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Fig. 4 The converter in position ready for the 
blow. The nose of the lance is just visible above 
the converter mouth, as it is lowered into position. 







off by tilting the furnace and taken away by ladle 
to a pig casting machine. The iron produced is 
of high quality, and has been in successful 
commercial production for a number of years. 


STEEL FROM STURZELBERG IRON 


Iron made by the Sturzelberg process has a 
typical analysis of C 4 to 4-8 per cent., Si 0-015 
to 0:02, P 0-03 or less, S max. 0-01, Mn 0-3 to 
0-4 percent. Other elements present were Cu— 
less than 0-1, Ti traces, and Cr—less than 0-1 per 
cent. The manganese and silicon contents can be 
varied by ladle additions. The iron is particu- 
larly suitable for chilled castings, and forms 
spheroidal graphite easily. It is also very well 
suited for making iron powder by the Mannes- 
mann process. 

Until recently, however, Sturzelberg iron has 
not been suitable for conversion into steel. Its 
small chemical heat content renders it unsuitable 
for use in the orthodox Bessemer converter, and 
it would be an uneconomic material for the open 
hearth furnace, where the advantage of its 
purity would be lost. 

The solution has been found in the lance- 
blowing process, where a water-jacketed lance is 
used to blow commercial oxygen on to the bath 
of molten metal in a converter lined with tar- 
dolomite bricks or a tar-dolomite ramming 
material. The converter is similar to the 
orthodox type, but has a closed bottom; this may 
be Temovable to facilitate re-lining. In the 
typical plant illustrated in Fig. 1 the converters 
(Fig. 4) are housed in a shop adjacent to the 
furnace bay, and equipped with an extension for 
Ingot casting and mould cooling and preparation. 


LANCE-BLOWN CONVERTERS 


Oxygen is blown into the converter through a 
water-jacketed lance with a copper nozzle head. 

e end of the lance is just visible in Fig. 4, 
which shows a converter of 30-tons capacity. 
The lance is curved and pivoted so that it can be 
swung into the converter mouth, and the pivot 
taised and lowered to suit the level of the metal. 

The converter is operated in much the same 
Way as the conventional type. Hot metal addi- 
lions and cooling scrap are charged into the 
converter, the lance is swung into position, and 

wing commences. Slag and temperature 
control can be exercised by charging limestone 
and ore through chutes while the oxygen blast is 
on. Blowing times vary from 12 to 15 minutes, 
and the end of the blow is indicated clearly by 
the flame ceasing. The lance is then withdrawn 
and the converter tilted to discharge slag and 
finally, the steel, which is teemed into a ladle 
and disposed of in the normal manner. 

Plant of ‘he type described has been produced 
by Dems: A.G. Duisburg, Germany, and 
ptiors have appeared in the Demag News. 





CATHODE-RAY TUBES AND 
SPECIAL RADIO VALVES 


Two Films Depicting 
Manufacture 


Two additions of great technical and general 
interest have been made recently to the film 
library of Mullard, Limited, Century House, 
Shaftesbury-avenue, London, W.C.2. One of 
these, entitled “* Made for Life,” illustrates and 
explains all the operations involved in the 
manufacture of a 17-in. cathode-ray tube for 
domestic television receiving sets, from the 
fabrication of the glass parts of the bulb to the 
fixing of the type number label on the finished 
tube. The research work and tests carried out 
on the raw materials and on components in 
course of manufacture are shown to illustrate 
the care taken to ensure the reliability, uniformity 
and durability of the final products. This film 
is intended primarily for showing to radio and 
television dealers. The other film has been 
produced to show those interested the modifica- 
tions made to the design and construction of 
ordinary radio receiving valves to enable them 
to withstand the severe vibrations and shocks to 
which they are subjected in aircraft, guided 
missiles and other military equipment. It is 
entitled “‘ Special Quality Valves” and will be 
seen by members of the electronics industry, 
industrial firms, professional organisations, 
Government departments, certain educational 
establishments and other interested bodies. 
Both films achieve their objects most effectively. 


x k * 


REMOTE PRESSURE 
INDICATION 


Electromagnetic Detecting Unit 


Salford Electrical Instruments, Limited, Silk- 
street, Salford, Lancashire, have developed an 
electromagnetic transducer for detecting and 
measuring pressure changes or mechanical 
displacements. The detector head is shown in 
section in Fig. 1 and the circuit in Fig. 2. The 
head consists essentially of a magnetic core on 
a spring-loaded shaft mounted between two 
coils. Any movement of the stylus on the end 
of the shaft displaces the magnetic core and 
causes a variation in the magnetic flux. The 
circuit is so arranged that the controller or 
indicating instrument then automatically adjusts 
itself so that this variation is balanced out. 
Mechanical displacements of less than 0-001 in. 
can be measured directly with this system. 

The iron core in the dynamometer instrument 
shown in Fig. 2 carries two coils. The mains- 
excited primary winding provides an alternating- 
current field for the instrument and energises 
the secondary winding which supplies a bridge 
circuit formed by resistors R, and R, and coils L, 
and L,. The latter are differentially variable 
inductors in the transducer. 

The bridge output voltage is substantially in 
phase with the meter field flux, whereas the 
induced voltage in the moving coil is in quad- 
rature with the field flux. The induced voltage 
in the moving coil is proportional to its angular 
deflection with respect to the flux. When the 
pointer carried by the moving coil is in the correct 
position, the vector relationships are such that 
the resultant of the moving-coil and bridge output 
voltages, circulates a current through the moving 
coil in quadrature with the field flux. 

The electrical. torque on the system is then 
zero and, since the system is not spring con- 
trolled, the pointer will take up, or remain in 
the zero-torque position. 

If the pointer and moving coil are in some 
position other than the correct one, this quad- 
rature relationship will not be obtained, and the 
in-phase component of the moving-coil current 
will interact with the field flux to produce a 
torque in such a direction as to restore the 
balance condition. Since the system is dependent 
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only on vector relationships, it is substantially 
independent of supply voltage and frequency 
variations. 

The basic transducer, as described above, is 
readily converted into a pressure-measuring 
device by incorporating a suitable pressure- 
responsive element, such as a diaphragm, to 
actuate the armature. In this form instruments 
can be provided for measuring pressures from 
a few inches of water gauge to over 200 lb. per 
square inch. Used in conjunction with a 
Bourdon tube instead of a diaphragm, equipment 
can be provided which will measure pressures 
up to 10,000 Ib. per square inch. 

These instruments are being used in the 
Capenhurst plant for measuring pressures during 
the gaseous diffusion process for separating the 
isotopes of uranium. The uranium hexafluoride 
involved is highly corrosive and is at a tem- 
perature of 75 deg. C. The use of the trans- 
ducers enables the plant to be completely 
sealed. In this type of application, the dia- 
phragm can be covered with a chemically 
resistant material, or the pressure can be trans- 
mitted by a fluid from a second diaphragm unit. 
Balanced units can be used for measuring pressure 
differences. 
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Fig. 1 Mechanical movement of the stylus 
(either by a pressure diaphragm or by direct 
contact) alters the flux in the coil. 
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Fig. 2 Any variation of flux in the transducer 
coils causes the pointer to take up a new position. 
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ASHFORD COMMON PUMPING 


STATION | 
M.W.B. ADOPT GAS-TURBINE STAND-BY PLANT 


In a report prepared by the Chief Engineer and 
presented to the Metropolitan Water Board in 
1946, a programme of remodelling and extension 
of the Board’s installations, to cover the period 
up till the end of the year 1964, was put forward. 
An important item in the proposals was the 
construction of a new filter and pumping station 
at Ashford Common. This work is now in 
progress and the station is of particular interest 
as it constitutes an example of most modern 
practice, stand-by power being provided by a 
gas-turbine installation. The station houses 
both high- and low-lift pumping plant. The 
high-lift pumps deliver filtered and treated 
water to the distributing system against heads of 
320, 200 and 100 ft. The low-lift pumps raise 
water from the Staines Aqueduct to the Ashford 
Common filtration plant; from Queen Mary 
Reservoir to the Ashford, Kempton and Hampton 
filtration plants; and from Queen Mary Reser- 
voir to the Staines Aqueduct. 


STATION LAY-OUT 


The station and the new works associated 
with it are not expected to be completed for some 
considerable time, but a paper, relating more 
particularly to the pumping plant, was presented 
by Mr. F. Wood to the Institution of Water 
Engineers at Richmond on May 18. Before 
passing to a description of this piant a brief intro- 
ductory reference to the whole lay-out is desirable. 
Water is supplied, either from the low-lift pumps 
in the station or direct from the storage reservoirs, 
to aeration basins from which it passes to 24 
Glenfield and Kennedy micro-strainers, each 
10 ft. in diameter and 10 ft. long. The water 
then passes to 32 slow sand filter beds, each 
300 ft. long and 120 ft. wide. The flow of water 
to the beds is controlled automatically by two 
54-in. diameter needle valves which maintain a 
constant surface level on the beds. Two 66-in. 
diameter mains carry the filtered water to tank 
pump houses in which low-lift pumps transfer 
it to contact tanks; the water is chlorinated 
before reaching these pumps. Each of the two 
contact tanks is 360 ft. long, 216 ft. wide and 
14 ft. deep and is designed for a two-hour 
contact period. From these tanks, the water 
flows to the main pumping station. 

It is the policy of the Metropolitan Water 
Board to provide 100 per cent. stand-by capacity 
for all main pumping machinery and steam- 
raising plant; 50 per cent. stand-by for unfiltered- 
water plant which runs intermittently, and 
100 per cent. stand-by plant in main stations 





taking electric current from the public supply. 
Ashford Common is a base-load station and in 
1944 the Chief Engineer reported that the com- 
parative costs, in pence per water horse-power- 
hour for base-load plant were for steam, 1-131; 
for oil, 1-186; and for electricity, 1-032. These 
figures were based on 1938 prices, but Mr. Wood 
states that present-day prices preserve the same 
order with electricity showing even greater 
advantage. In view of this, electricity was 
adopted for the main drive, with oil-engine 
sets to relieve peak loads and gas turbines as 
emergency stand-by power units. 

The electric tariff provides for a maximum 
grid supply of 9,000 kVA and for the chargeable 
maximum demand to be the highest number of 
kilovolt-amperes taken between 7.30 a.m. and 
7.30 p.m. during the months of January, February 
November and December, and 50 per cent. of 
the highest number during the remainder of the 
year, In view of this arrangement, it is intended 
to operate the Diesel generating plant during 
the winter months thus taking advantage of the 
reduced maximum-demand charges. The in- 
coming supply, at 22,000 volts, is led to three 
6,000-kVA transformers located in a separate 
building adjacent to the pump house. The 
transformers are provided with dual windings, 
giving secondary voltages of 3,300 and 415. 
The main 3,300-volt bus-bars are in duplicate, 
one section being fed from the incoming supply 
and the other from the station plant. The 
whole plant, consisting of the pump motors, the 
oil engines and the gas turbines, is remote 
controlled from desks in the control room 
situated on the first floor of the station building. 

The high-lift pumping plant consists of 12 
Electroglide vertical units supplied by the Har- 
land Engineering Company and driven by 
3,300-volt motors. The pumps—one of which is 
illustrated in Fig. 1, herewith—are installed in 
four groups of three each, two groups delivering 
against a head of from 225 to 320 ft., one against 
190 to 220 ft. and one against 50 to 100 ft. 
The two latter groups can be arranged to pump 
in series. Each group is made up of units with 
respective capacities of 30, 20 and 10 m.g.d. 
The larger units of the higher-head groups, which 
have a maximum w.h.p. of 2,019, are driven by 
synchronous motors, the others by squirrel-cage 
induction motors; all are started by auto- 
transformers. The 50 to 100 ft. group pumps 
are driven by variable-speed commutator motors, 
which are started by direct-on switching. In 
emergency, the larger motors can be started 


Fig. 2 The low-lift pumps 
are arranged on both 
sides of a common aque- 
duct and are used to 
raise the water to the 
treatment plant. 
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Fig. 1 Vertical Harland centrifugal pumps are 

used for the high lift. They feed through Roto 

valves arranged to protect the mains against the 
effects of water hammer. 


direct-on, but this can only be done by giving 
prior information to the Southern Electricity 
Board. 


CONTROL VALVES AND MAINS 
PROTECTION 


The pump delivery valves are of the Rotovalve 
type supplied by the Harland Engineering Com- 
pany, who state that, although rotary plug valves 
of this type have been widely used in America, 
this is the first major waterworks scheme in the 
United Kingdom in which they have been 
installed. Experience has shown that with the 
orthodox type of sluice and non-return valve, 
there is a possibility of damage to mains arising 
from water hammer caused by sudden stopping 
of large electrically-driven pumps. The matter 
was considered to be of particular importance in 
the case of the Ashford Common station in view 
of the large size of the units. The Rotovalve 
already described in ENGINEERING, page 19, 
vol. 178 (1954), is a plug type of delivery valve 
for regulating pressure surges on hydro-electric 
or pumping systems, and can be automatically- 
controlled or hand operated. At Ashford 
Common, Rotovalves have been installed in the 
pump deliveries and also in bypasses between the 
suction and delivery mains of each group, The 
purposes of the arrangement are to allow water 
to flow from the suction to the delivery main 
in the event of current failure; to prevent a 
vacuum being formed in the delivery main; and, 
on shutting down, to allow water to pass back 
from delivery to suction. In the event of 
current failure, the bypass valve, normally closed, 
is quickly opened and then slowly closed. 

The adopted control system embodies both 
electric and hydraulic circuits which are inter 
locked and interdependent. The hydraulic cit- 
cuit is operated by oil maintained at a pressure 0 
20 lb. per square inch by air-compression accumu- 
lator sets in the pump-house basement; the 
electric circuit, by a 240-volt 50-cycle supply. 
All important control valves and solenoids 
attached to the Rotovalves are deadweighted, so 
that in case of failure by a control system they 
“fail to safety.” In normal operation, a pump 
is started by pressing a push-button in the 
control room. This operates a relay which 
energises the starter control circuit. The final 
operation of the starter closes a relay which 
causes the valve to be opened slowly and to be 
held open against deadweight. A limit switch, 
which closes when the valve becomes fu'ly open 
maintains the motor-starter circuit. To stop 4 
pump, pressing a control-room button de- 
energises the solenoid which prevents tre Roto- 
valve from closing under the actior of the 
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The .valve then closes slowly 
eaching the shut position, opens a 
which trips the motor circuit. 
ent of power failure, the motor 
ediately trips out and the pump slows 

Rotovalve, no longer held open 
deadweight control, begins to close 
;, however, this slow closing might not 
be suitable for the control of the water column 
in the mains, the control is taken over by the 
Rotovalve in the group bypass. This opens in 
two seconds permitting water to flow through the 
bypass and protecting the main from damage by 
yacuum or return pressure wave. After the pipe 
flow is reversed, it is slowly brought to rest by the 
bypass valve closing in two minutes. 

The low-lift stored-water pumps are of the 
Vickers-Gil! single-stage propeller type operating 
at an angle of 45 deg. to the horizontal. They 
were supplied by Vickers-Armstrongs Limited 
and are driven by two-speed motors through 
gearboxes supplied by David Brown and Sons 
(Huddersfield), Limited. There are eleven of 
these units in the main pump house, arranged 
in two groups, though only ten are to be seen in 
Fig. 2, opposite. As mentioned at the outset of 
this article, the low-lift pumps deliver to the 
Ashford Common filtration plant and also to the 
Kempton and Hampton plants. Normally, 
the first group, consisting of six pumps, will 
deliver to Kempton and the second, five-pump, 
group to the Ashford Common filters. 

Two of the pumps have a capacity of 45 m.g.d. 
against the maximum head of 35 ft., five have a 
capacity of 30 m.g.d., and four of 15 m.g.d. 
All are driven by two-speed 3,300-volt three- 
phase motors. The two speeds are 735 r.p.m. 
and 1,470 r.p.m. When changing from one 
speed to another, change-over links in the motor- 
terminal boxes have to be adjusted manually 
and appropriate safety devices are incorporated 
in the arrangements to prevent accidents. Owing 
to the large range of heads against which the 
pumps may have to deliver, the gearboxes are 
also of the two-speed type. As an example of 
the flexibility provided by the combination of 
two-speed motors with two-speed gears, pump 
No. 1 may be run at 173, 244, 346 or 488 r.p.m. 
The David Brown gears are of three types. 
The two larger pumps have 14-in. co-axial 
double-reduction gear units with single helical 
gears of 6-in. and 10-in. centres on the first 
and second reductions. This arrangement 
reduces the motor speed of 1,470 r.p.m. to 
346 r.p.m. at the pump. The alternative gear 
gives a pump speed of 488 r.p.m. Corresponding 
variations are provided on the other units. 
The gearboxes are so designed that it is only 
necessary to change, manually, one pinion wheel, 
shaft and half-coupling three times to cover the 
full range of head. Vickers-Gill pumps, of the 
vertical-spindle type, are also fitted in the 
contact-tank pump houses. 


PEAK-LOAD PLANT 


As already mentioned, the generating plant, 
which forms an interesting feature of the Ashford 
Common station, consists of oil engines and 
gas turbines. It is understood that when 
the station is in full operation, it will be the 
normal practice to use the oil-engine sets to 
help to carry the peak load enabling the most 
conomical station load to be maintained. The 
gas-turbines provide a complete stand-by, and 
when fully installed will be capable of taking 
Over the whole station load in case of failure of 
the public electricity supply. Mr. Wood states 
that one of the reasons for adopting gas turbines 
Was to cnable “the Board to obtain some 
Practical running and maintenance experience 
On this type of plant.” It may be surmised 
that the place which this plant will ultimately 
Occupy ir. the normal running of the station will 
not be known until it is in full running order 
and experience has been gained in its operation. 

The o'!-engine plant consists of three 16- 
cylinder \’-type units each capable of developing 
1,750 bre<e horse-power at 750 r.p.m. and one 
of these sets is illustrated in Fig. 3. These 
©-e of General Motors make and were 
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They were 
purchased because, in 1947, the delivery periods 
required by British oil-engine firms were too 
long to be acceptable. Four of these engines 
were bought and one has been installed at the 
Lee Bridge Works and has given satisfactory 
service. It will ultimately be re-erected along- 
side the other three at Ashford Common. The 
three installed engines are connected to and 
drive 1,400-kVA 3,300-volt alternators. They 
are started by compressed air at 600 lb. per 
square inch supplied by independent air com- 
pressors. Mr. Wood states that the engines 
are very noisy, the noise-level near at hand 
approximating to 101 decibels. They are 
accordingly to be enclosed in double-glazed 
cubicles provided with internal lighting enabling 
the operator to observe the unit from outside. 
Air, taken from outside the building at roof 
level, will be blown into the cubicle, at slight 
pressure, cooling the alternator and engine and 
finally being consumed by the engine. 

A comprehensive waste-heat recovery plant 
has been installed for heating the works, using 
waste heat from the engine jacket water and 
from the exhaust gases. The jacket-water system 
distributes water at 160 deg. F. to the heating 
circuit, and waste-heat boilers, fitted in the 
exhaust lines, provide heat which is stored in 
thermal-storage drums in the basement. These 
are for use at night when the engines are not 
running, or are running at reduced load. The 
system includes an oil-fired boiler which auto- 
matically takes over in case of failure of the 
oil-engine supply. The whole system is under 
pneumatically-operated thermostatic control. 


GAS-TURBINE GENERATOR SETS 


Apart from the fact that it was considered 
desirable that the Metropolitan Water Board 
should obtain experience in the running of gas- 
turbine plant, the decision to instal units of this 
type at Ashford Common was taken on economic 
grounds. Mr. Wood remarked that the gas 
turbine “‘ would appear to be most useful where 
large powers are required at low load factors 
when thermal efficiency is not the first considera- 
tion.” At the time when the equipment of the 
Ashford Common station was under considera- 
tion, the Metropolitan-Vickers Electrical Com- 
pany had already produced a gas turbine for 
marine service and they were developing such 
turbines for industrial service. A specification 
on the widest lines was accordingly drawn up 
allowing manufacturers to submit any type of 
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machine they had developed. Tenders were 
received from five firms and, in order to obtain 
the greatest possible experience in the running 
of plant of this type, one set from each of three 
different makers was ordered. 

All three sets are of the open-cycle type operat- 
ing at about 16 per cent. overall thermal effici- 
ency, but differ considerably in detail. They 
were supplied by the Méetropolitan-Vickers 
Electrical Company, the English Electric Com- 
pany and the Brush Electrical Engineering 
Company. All are of 2,500 kW capacity at 
0-8 power factor. The English Electric set is 
arranged with all auxiliaries driven by direct 
current from a battery; the Méetropolitan- 
Vickers set has the auxiliaries driven by alternat- 
ing current, a supply of which must therefore be 
available for starting; the Brush set also has 
alternating-current driven auxiliaries except for a 
direct-current starting motor. The specification 
demanded a moderate maximum temperature of 
1,275 deg. F. for any moving part in order to 
obtain a reasonable trouble-free life for the 
blading. The sets will be installed side by side 
and run in parallel with each other and with the 
oil-engine alternators. 

The Metropolitan-Vickers turbine is a single- 
shaft set running at 7,000 r.p.m. and with a 
14-stage axial-flow compressor. Air leaves the 
compressor at a pressure of 75-2 lb. per square 
inch abs. and a temperature of about 470 deg. F. 
Fuel oil, supplied at a full-pump pressure of 
600 lb. per square inch, is atomised and ignited 
in six combustion chambers, the temperature of 
the resulting gases impinging on the turbine 
blades being in the region of 1,300 deg. F. There 
are four stages of turbine blades, the drop in 
temperature across them being approximately 
460 deg. F. The exhaust gases pass direct to the 
exhaust flue and to atmosphere at roof level. 
The shaft is extended beyond the compressor 
and drives the alternator at 1,500 r.p.m. through 
a single-reduction helical gear box. The unit is 
governed on the fuel supply to the combustion 
chamber. Starting, stopping and speed varia- 
tion are effected from a control-room panel, 
but an emergency stop button and an over- 
speed trip are provided at generator house floor 
level. 

A combined barring and starting motor unit 
is mounted at the turbine end of the set. When 
starting, the barring motor first rotates the unit 
slowly, the starting motor then taking over and 
increasing the speed to a maximum of 3,000 
t.p.m., when the unit becomes stable. The fuel 
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Fig. 3 The General Motors Diesel alternator sets intended to ease peak loads are to be encased in 


double-glass cabinets to reduce the noise level in the station. 
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pump is started when the speed has reached 
600 r.p.m., a valve, linked electrically with the 
circuit of the starting motor, allowing a small 
supply of fuel oil to pass to two ignition com- 
bustion chambers. From 3,000 r.p.m., the unit 
increases speed to 5,000 r.p.m., the idling speed. 
This sequence of operations is entirely automatic, 
but beyond 5,000 r.p.m. the set is hand controlled 
from the control panel until the governor takes 
over at normal running speed. When the unit 
goes out of service, the barring motor is used to 
rotate it slowly for about two hours until it is 
sufficiently cooled. The alternator, of Metro- 
politan-Vickers manufacture, is of the revolving- 
field type. The guaranteed fuel consumption of 
the set is 20,400 B.Th.U. per kilowatt-hour. 


TWO-IN-LINE SHAFT UNITS 


The English Electric gas turbine is a two-in- 
line shaft set. One shaft carries the two stages 
of high-pressure turbine blading and the seven- 
stage (six axial flow and one centrifugal) com- 
pressor. The turbine drives this shaft at 8,220 
r.p.m. The other shaft, rotating in the opposite 
direction, carries two stages of low-pressure tur- 
bine blading and runs at a speed of 6,790 r.p.m. 
This turbine drives the alternator at 3,000 r.p.m. 
through an epicyclic gear box. The high- and 
low-pressure turbines are of the single-disc 
type. Air leaves the compressor delivery at 
70 lb. per square inch abs. High-pressure fuel 
oil is sprayed into the two combustion cham- 
bers and ignited in the compressed-air stream. 
The temperature of the gases which impinge on 
the high-pressure turbine blade roots is approxi- 
mately 1,380 deg. F. The gases leave the high- 
pressure turbine and enter the low-pressure 
turbine at about 1,100 deg. F. and pass to the 
exhaust duct at approximately 910 deg. F. 


On this set the high-pressure turbine blade 
roots and the rotor are cooled by compressed 
air bled from the compressor and led into 
channels under the blade roots. Governing is 
effected by the regulation of the flow to and from 
spill-type burners in the two combustion cham- 
bers. Starting, stopping and speed variation 
are effected from the control-room panel, but an 
emergency stop button is provided at the genera- 
tor-house floor level. The alternator of the set 
is of English Electric make and the guaranteed 
fuel consumption is 21,325 B.Th.U. per kilowatt- 
hour. 

The Brush set is also a two-in-line shaft unit. 
One shaft carries two stages of high-pressure 
turbine blading and a 14-stage axial-flow com- 
pressor, driven at 6,375 r.p.m. The other shaft 
carries two stages of low-pressure turbine blading 
and drives, directly coupled to the same shaft, 
an alternator at 3,000 r.p.m. The compressor 
rotor is of drum construction and the high- and 
low-pressure turbines are of the disc type. 
Air leaves the compressor at 60 lb. per square 
inch absolute. High-pressure fuel oil is sprayed 
into the separate combustion chambers arranged 
parallel to the main shaft and equi-distant 
radially from it; the oil is ignited in the com- 
pressed-air stream. The temperature of the 
resulting gases impinging on the high-pressure 
turbine blade roots is about 1,220 deg. F. The 
gases leave the high-pressure turbine and enter 
the low-pressure turbine at about 1,050 deg. F.; 
they pass into the exhaust duct at 890 deg. F. 

The high-pressure turbine discs are cooled by 
air bled from the compressor delivery and the 
low-pressure discs by air bled from the fifth 
stage of the compressor. Governing is effected 
by the regulation of spill valves, on the com- 
bustion-chamber burners. Starting, stopping and 
speed variations are carried out from the control- 
room panel, but there is an emergency stop 
button at generator-floor level. The alternator 
is of Brush make, and the guaranteed fuel 
consumption is 22,400 B.Th.U. per kilowatt-hour. 


OIL-FUEL SUPPLIES 


The fuel oil system serves both the oil engines 
and the gas turbines. There are eight main 
storage tanks, each of 26,000 gallons capacity, 
situated to the north-west of the station site. 
Transfer pumps deliver the oil to the basement 


of the generator house which contains an inter- 
mediate supply tank, an overflow tank, a sludge 
tank, two electrically-operated transfer pumps, 
fuel filter and meter. From the basement oil is 
pumped to seven service tanks, four of 1,000 
gallons capacity for the oil engines and three of 
1,250 gallons capacity for the gas turbines. 
These tanks are situated over the workshops 
which are adjacent to and to the north of the 
generator room. Normally, each tank serves 
its own power unit through an independent pipe. 
but some measure of interconnection is provided, 
The tanks are provided with automatic level 
control. Gravity-feed lines, fitted with pressure- 
breaking devices, supply the oil engines and a 
fuel-priming pump, with stand-by hand primee 
is fitted for initial operation before the enginr 
starts. 

The gas turbines are supplied through separate 
2-in. pipelines embodying filters and meters. 
After metering, the oil is pumped, at 500-600 Ib. 
per square inch by the main fuel-oil pumps on 
each set, through control valves to the oil burners 
in the combustion chambers. To alter the power 
developed it is necessary only to alter the amount 
of fuel admitted to the combustion chambers. 
The governors are of the normal centrifugal type 
operating relay valves which control the hydraulic 
relay pressure lines to the fuel-oil governor 
needle valves on the lines conveying fuel oil 
to the burners. On the Brush and English 
Electric sets the burners are of the spill type to 
which fuel is supplied at constant pressure, any 
excess not required for combustion being spilled 
back from the burners, via control valves, to the 
fuel-pump inlet. On the Metropolitan-Vickers 
set, the amount of fuel oil reaching the burners 
is controlled, by valves between the fuel pump 
and the combustion chamber, to suit the parti- 
cular stage of operation, such as starting, 
running on load or shutting down; all fuel oil 
reaching the burners while running is consumed. 
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204-H.P. CRAWLER 
TRACTOR 


The largest and latest of the post-war range of 
crawler tractors now being produced by Allis- 
Chalmers, of Milwaukee, U.S.A., has been made 
available in this country through the agency of 
Mackay Industrial Equipment, Limited, Faggs- 
road, Feltham, Middlesex. Known as_ the 
HD 21, the six-cylinder four-stroke engine de- 
velops a gross horse-power of 235 at 1,800 r.p.m., 
which gives a net value of 204 h.p. The weight 
is 44,000 lb. The illustration shows the tractor 
fitted with a 15-ft. blade and hauling a 20-cub. . 
yard scraper. 

Engine bore and stroke are 5} in. and 64 in., 
respectively, and the drive is through a hydraulic 
torque converter and gearbox. The latter has 
only two ratios forward, high and low, which 
give running speeds of 0 to 74 and 0 to 3 m.p.h. 
respectively ; within these ranges the speed is 
controlled by the torque converter. Maximum 
speed in reverse is 54 m.p.h. At low speed the 
maximum calculated draw-bar pull is 65,000 Ib. 
The overall dimensions are 16 ft. 2} in. long, 
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8 ft. 23 in. high, and 9 ft. 14 in. wide, The 
2-ft. wide track shoes give a groun Pressure 
of 8-6 lb. per square inch. Steering s by two 
levers which control the tracks through , 
hydraulic system. To assist accessibility, the 
radiator guard is hinged at the bottor so that 
it can be swung forwards and downwards clear 
of the front of the engine. 

The tractor can be fitted with a 15-f;. dozing 
blade and can handle a 20-yard scraper with ease 
Maintenance has been reduced to a minimum 
and only three points require daily Servicing ; 
these are the lubrication points for the torque 
converter and the clutch. The fluid used to 
operate the converter is the Diesel fuel, which js 
subsequently cooled in a heat exchanger, A 
second heat exchanger is fitted for the engine oil, 
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TESTING PUMPS 


New Plant for Electrically Driven 
Machines 


Owing to the increase in the output of the 
pumps installed to circulate condensing water 
or to supply feed water in power stations, 
Sigmund Pumps, Limited, Team Valley Estate, 
Gateshead-on-Tyne, have recently found it 
necessary to provide additional facilities for 
testing. 

As these pumps vary considerably in output 
and are generally driven by high-voltage motors, 
it was essential to install starting equipment for 
the latter which would be suitable for a range 
of voltages and would enable the starting 
current to be reduced toa minimum. With these 
conditions in view Crompton Parkinson, Limited, 
Aldwych, London, W.C.2, have provided a 
2-MVA outdoor transformer with secondary 
voltages of 6.kV, 3 kV and 2 kV, which are 
obtained by off-circuit tappings, and an addi- 
tional tapping to give a variation of + 10 per cent. 
This transformer supplies the test plant through 
metal-clad air-insulated switchgear of the ver- 
tical-isolation type as well as a 2-MVA auto- 
transformer for the closed-circuit starting of 
motors between 500 and 2,000 h.p. 

The starting equipment is of the Korndorffer 
type, and as there was insufficient space for it 
on the test platform, it was installed in an 
adjacent room and like the main switchgear is 
operated from a control desk overlooking the 
test area. Owing to the wide range of output 
of the motors undergoing test, the system of 
protection that has been adopted is rather 
elaborate. Over-current and earth-leakage de- 
vices are installed on the switchboard, the 
auto-transformer and the equipment under test, 
and restricted earth-fault protection on the 
main transformer. Under-voltage protection is 
also incorporated on the switchboard and the 
equipment under test, while the overloading and 
single phasing of motors up to 2,000 h.p. 1s 
prevented by a thermal relay with a wide range 
of settings and selected current transformer 
ratios. 

The consulting engineers for this test plant 
were R. W. Gregory and Partners, Newcastle- 
upon-Tyne. 





The HD 21 tractor can be fitted with a 15-ft. bulldozing blade and can handle a 20-yard scr2er- 
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4i-h.p. portable Diesel engine, which has been 
designed for a large number of applications. 


PORTABLE DIESEL ENGINE 
Versatile Unit of 40-H.P. 


The accompanying illustration shows a portable 
power unit which is being manufactured by 
A. C. Morrison (Engineers), Limited, Lough- 
borough, for the use of civil engineering con- 
tractors, farmers and foresters. It is also 
intended for employment in docks, oilfields and 
quarries for driving pumps, compressors, stone 
crushers, where a movable source of power is 
required. 

It consists of a Fordson Major Diesel engine 
with an output of 35 brake horse-power at 1,500 
rpm. and of 40 brake horse-power at 1,600 
rpm. This engine is of the cold-start direct- 
injection type with tropical radiator cooling. 
The water is circulated by a centrifugal pump, 
which is thermo-syphon assisted and thermo- 
statically controlled. Additional cooling is pro- 
vided by a fan. The fuel-injection pump is 
fitted with a governor which maintains the speed 
between 400 and 1,600 r.p.m. The clutch 
assembly is made up of Ford components which 
are contained in a bell housing of reinforced 
nickel-cast iron, operation being by a 30-in. 
handle with a thumb release catch. 

Starting is effected from a 12-volt Exide 
battery with an independent on/off switch 
which is housed in the base of the unit. The 
start button is mounted at the rear of the unit over 
the clutch. A battery charging ammeter and 
oil-pressure and water-temperature gauges are 
mounted with the speed regulator on an 
instrument panel. 

As will be seen from the illustration, the 
engine is mounted on a steel skid and is protected 
by a canopy and side panels. These panels can 
be removed to facilitate maintenance or locked 
in position when the unit is not in use. The set 
is 62 in. long by 49 in. high by 36 in. wide and 
weighs 1,332 lb. The fuel consumption at full 
head and a speed of 1,500 r.p.m. is 1-68 gallons 
per hour. 
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RUBBER IN MALAYA: FILM 


A film entitled “‘ Dunlop in Malaya” has been 
made for the Dunlop Rubber Company, Limited, 
St. James's House, St. James’s-street, London, 
8.W.1, to give their employees in Britain and 
Overseas « picture of life on a Malayan rubber 
Plantation. The film is of general interest, and 
conveys a realistic picture of the background of 
ring tropical heat, the wide variety of 
faces emp'oyed by the company, and a brief 

ptic' of how rubber is produced. The 


Was potographed by the Malayan Film Unit 


and produ ed by Mr. Ronald H. Riley in associa- 
tion with 


i¢ Film Producers’ Guild. 


Labour Notes 
RAILWAY STRIKE 


At midnight last Saturday, the railway strike, 
which is already having such an injurious effect 
on the country’s industry, entered on. its second 
week. Nevertheless, as Sir Anthony Eden, the 
Prime Minister, stated in his broadcast speech on 
Sunday, essential supplies and services have been 
largely maintained, and the situation on the 
railways has shown a steady improvement since 
the first day of the stoppage. 

During the early part of this week, more than 
7,000 trains were running each day, but this 
number was only about one-sixth of the daily 
total operated under normal circumstances. 
The Government was only able to keep indis- 
pensable traffic moving by bringing into use all 
kinds of alternative transport by road, by canal, 
and even by air, and, as the Prime Minister 
stated, the strike at the docks has not made the 
task any easier. 

Little unemployment has arisen so far and the 
** deadly seriousness ” of the present situation, 
to which the Prime Minister referred, is likely 
to become increasingly apparent only as time 
passes. The great majority of trains in a 
country like Britain cannot be brought to a 
standstill, however, without some factories, 
at any rate, being put out of action. As the out- 
put of one factory declines, or is brought to a 
halt, so other factories are affected in turn. 


EFFECTS OF THE STOPPAGE 


Although there has been little actual unem- 
ployment caused by the railway strike so far, 
there have been several instances of the intro- 
duction of short-time working and of the stopping 
of overtime, owing to the shortage of coal and 
other raw materials. ’ 

In some cases, factories issued notices to their 
employees at the end of last week and these are 
likely to take effect within the next few days, 
unless the situation improves. The management 
of the Appleby-Frodingham Steel Company, 
Limited, Scunthorpe, which employs about 
10,000 persons, has developed a plan, in co-opera- 
tion with local trade-union officials, to avoid 
having to lay off its workpeople. The scheme 
involves the transfer of employees to other duties. 

Six steelworks in West Wales closed down last 
Friday, but were enabled to resume work on 
Sunday, on a reduced scale. The works, 
Grovesend, South Wales, Cwmfelin, Dyffryn, 
Pontardawe, and Gowerton, all belonging to 
Richard Thomas and Baldwins, Limited, were 
enabled to re-open by pooling their stocks of 
raw materials and by making certain internal 
adjustments. They employ about 2,600 men. 

Strenuous efforts have been made by employers 
and managements to keep their works going. 
One engineering firm, Firth-Brown Tools, 
Limited, Sheffield, has made arrangements for 
the use of a helicopter to deliver its products to 
factories throughout the country. 

So far, little coal appears to have been lost 
owing to the strike. It was estimated by the 
National Coal Board at the week-end that coal 
produced last week amounted to 3,100,000 tons, 
compared with 3,200,000 tons during Whit 
week in 1954. It appears, therefore, that coal 
production lost during the week amounted to 
no more than 100,000 tons. No pits have so far 
had to close down. 

It was reported on June 5 that members of the 
Amalgamated Engineering Union were refusing 
to service locomotives which had been running 
during the period of the strike. 


FIVE-POINT PLAN 


Moves to bring about a settlement of the 
dispute have been taking place from a very early 
stage and began well before strike action was 
resorted to, but efforts by the Government, the 
Trades Union Congress, and the British Trans- 
port Commission have all been unsuccessful. 
Soon after the strike commenced, the Minister of 
Labour offered to set up a board of conciliation 
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and the Prime Minister promised that the board 
should begin its task once negotiations started. 

Following the Prime Méinister’s broadcast 
speech on Sunday, in which he appealed to the 
men to return to work in order that negotiations 
might be resumed, Sir Brian Robertson, the 
chairman of the Commission, wrote to the general 
secretary of the Associated Society of Locomotive 
Engineers and Firemen asking his union to 
consider “the immediate cancellation of the 
strike and the resumption forthwith of negotia- 
tions between all the parties concerned.” The 
proposals of both the Prime Minister and Sir 
Brian were rejected. 

Later on Monday, a five-point plan was put 
forward by the T.U.C. General Council. This 
suggested that the question of differentials should 
be referred for future discussion between the 
A.S.L.E.F., the National Union of Railwaymen, 
and the Transport Salaried Staffs’ Association, 
and that the N.U.R. should agree that the 
Commission could begin discussions with the 
A.S.L.E.F. on the enginemen’s pay, on the 
understanding that the N.U.R. would be 
consulted prior to any settlement. Another 
proposal in the plan was that the A.S.L.E.F. 
should agree to meet the Commission with a view 
to establishing absolute minimum increases to 
settle the dispute, bearing in mind the proposed 
discussions on differentials and agree to consider 
a return to work as soon as a settlement emerged. 

If agreement were reached on this basis, the 
General Council proposed that they should 
approach the Prime Minister to agree to 
negotiations being resumed while the strike 
continued. Finally, the General Council pro- 
posed that they should keep the whole matter 
under review to expedite a settlement. 


MERSEY TUG DISPUTE SETTLED 


Agreement was reached on June 2 between 
the employers and tugmen involved in the 
dispute over wages and working conditions on 
Merseyside. 

The dispute began on May 4, when about a 
third of Merseyside tugmen withdrew their 
labour, and spread rapidly until, by the following 
week-end, all the 600 men engaged in handling 
tugs in the area were on strike. The tugmen 
presented a series of nine demands, seven of 
which were conceded. The employers suggested 
that the remaining two claims should be sub- 
mitted to arbitration. 

Strike action lasted until May 12, when the 
men returned to work in force, on condition that 
negotiations between their union, the Transport 
and General Workers’ Union, and the employers’ 
organisation, the Liverpool Tug Owners’ Associa- 
tion, were re-opened immediately. 

A mass meeting in Liverpool on June 2, 
attended by over 400 of the tugmen, voted almost 
unanimously to accept the settlement, one item of 
which provided for a 48-hour working week, 
including six hours for meals, in place of the 
44-hour week originally demanded. The men 
agreed that the question of increased payments 
for overtime should be left in abeyance, provided 
that it was discussed within the coming twelve 
months. The employers’ offer to discuss a 
superannuation scheme with the union and with 
representatives of the men concerned was also 
approved. 


FATAL INDUSTRIAL ACCIDENTS 


Statistics issued by the Ministry of Labour 
and National Service show that the number 
of workpeople, other than seamen, in the United 
Kingdom whose deaths from accidents in the 
course of their employment were reported in 
March, was 114, compared with a revised figure 
of 117 in the previous month and 118 in March, 
1954. In the case of seamen employed in 
ships registered in the United Kingdom, 20 fatal 
accidents were reported in March, compared 
with 46 in the previous month and 38 in March, 
1954. Mines and quarries were responsible for 
32 fatalities, 26 of which occurred underground 
in collieries. In the railway service, 17 persons 
were killed during the month. Eight employees 
lost their lives in engineering works. 
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GENERAL SERVICE 
PINNACE 


Twin-Screw 63-ft. Recovery 
Vessel for Air Ministry 


Recently completed for the Air Ministry by 
Groves and Guttridge, Limited, East Cowes, 
Isle of Wight, is the 63-ft. twin-screw general- 
service pinnace shown in the accompanying 
illustration. This vessel, which is driven by 
two Rolls-Royce C6.S.F.L.M. Diesel engines each 
developing 190 brake horse-power, is a modern 
version of an earlier 60-ft. pinnace, designed in 
1937, and incorporates a number of special 
features including a ring-main electricity supply, 
a central overall control panel and a hydraulic 
winch. Among its duties will be the recovery 
after exercises of such items as torpedoes. 

In basic design the pinnace embodies a hard 
chine with broad beam aft to give stability for 
lifting weights from overside while at rest. 
Construction is in double diagonal mahogany 
on prefabricated mahogany frames, with English 
oak keel, hog and deadwood, and oak laminated 
stem and stern knee; the chine and gunwale are 
also of English oak. The deck, which is ramped 
down at break of foredeck and tied to the oak 
ramp gunwale for longitudinal strength, consists 
of a diagonal mahogany inner skin with a teak 
outer skin fore and aft. 


CENTRALISED CONTROLS 


The wheelhouse and radio room are fabricated 
in one unit from aluminium alloy, and have 
hinged opening windows forward, and sliding 
windows at the sides and in the radio room. 
Weatherproof main air intakes in aluminium 
alloy are fitted on the sides of the deckhouse and 
fans ensure constant air circulation below decks. 
The wheelhouse is arranged with all instruments 
and engine controls grouped round the steering 
position, so allowing the coxswain complete 
control of the craft both when starting and under 
way. 

The main mast is built from steel tube, 98 in. 
in outside diameter, and reaching 17 ft. above 
deck level, and carries a 6}-in. outside-diameter 
steel tubular derrick 14 ft. long, which is rigged 
and stayed as in a normal cargo-carrying vessel. 
A Hyland hydraulic winch is mounted on the 
mast at a convenient height for manual operation 
and is designed to lift a maximum of 33 cwt. 
from overside at a rate of 17 ft. per minute. 

The cargo hold is 20 ft. long by 7 ft. 9 in. 
wide and is suitable for the stowage of three 
21-in. torpedoes or the equivalent; it is also 
equipped with fittings to take special gear for the 
laying and lifting of aircraft moorings. The 
pinnace may also be used for transporting per- 
sonnel and seating is provided for this purpose. 
The total cargo capacity is 5 tons. 


RING-MAIN ELECTRICITY SUPPLY 


An interesting feature of the design is the use 
of a ring-main system for supplying electricity 
to the various parts of the vessel; by provision 
of loop conductors of this kind tappings may 
be taken wherever required, thus avoiding the 
complicated wiring necessary with other schemes. 
The ring-main system operates at 24 volts, and 
each compartment of the craft is wired to its 
own junction box. 

The pinnace, which is 63 ft. in overall length, 
15 ft. 6 in. beam and 3 ft. 8 in. draught (aft), is 
capable of a speed of 14 knots, and at full speed 
has an endurance of 700 miles; at economical 
cruising speed it has a range of 1,300 miles. 
As auxiliary power units two Auto Diesel engines 
are installed, each developing 7 h.p. 

Accommodation with heads and washing 
facilities for four ratings is provided in a fo’c’sle 
forward, while the captain’s quarters are situated 
in a cabin amidships. This contains two berths, a 
hanging locker and desk with a chart table over; 
there are also separate heads and washing 
facilities. Watertight doors divide the fo’c’sle 
from the working alleyway, and also from the 
engine room. 
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NOTICES OF MEETINGS 


Association of Supervising Electrical Engineers 
LONDON 

Annual General 

Ermins Hotel, Caxton-street, S.W.1. 


Meeting. Central London Branch. St. 
Mon., June 13, 6.15 p.m. 


Annual General Meeting. South-West London Branch. 
Guild House, 32 Worple-road, Wimbledon, S.W.18. Wed., 
June 15, 7.15 p.m. 
MANCHESTER 
Open Meeting. Manchester Branch. Engineers’ Club, 
Albert-square, Manchester. Wed., June 15, 7 p.m. 
SOUTHAMPTON 


Annual General Meeting. Southampton Branch. Polygon 
Hotel, Southampton. Wed., June 15, 7.15 p.m. 

WATFORD 
Annual General 
Hotel, Station-road, Watford, Hertfordshire. 


7.30 p.m. 
Incorporated Plant Engineers 
LIVERPOOL 


“* Liquid-Fuel Firing,”’ by S. S. Whitehead. Merseyside and 
North Wales Branch. Royal Institution, Colquitt-street, 
Liverpool. Thurs., June 16, 7.15 p.m. 


Institute of Petroleum 
LONDON 


Symposium on “ The Story of the Co-ordinating Research 
Council of the United States,”’ comprising ‘*‘ The Development 
and Aims of the Co-ordinating Research Council,” by M. K. 
McLeod; “ Current Projects of the Council,” by T. B. Rendel; 
‘** What the Council Means to the Automotive Industry,” by 
E. S. MacPherson; and ‘“ What the Council Means to the 
Petroleum Industry,” by W. J. Sweeney. Meeting arranged 
in co-operation with the Council. Institution of Mechanical 
Engineers, | Birdcage-walk, St. James’s Park, S.W.1. Thurs., 
June 30, 3.30 p.m. and 5.30 p.m. 


Institute of Physics 
GLASGOW 


Summer Meeting, Non-Destructive Testing Group. Royal 
Technical College, Glasgow. Wed., June 22, to Sat., June 25. 
Assembly, Wed., June 22, 8 p.m. 

Annual General Meeting; “ Training for Radiography,” by 
T. S. Wylie; “‘ Shipyard Radiography,” by E. J. Duffy; and 
“Non-Destructive Testing in the Boilermaking Industry,” by 
W. G. Marskell, at 9 a.m. “Surface Properties: Their 


Meeting. Watford Branch. Clarendon 
Thurs., June 16, 


Possible Use in the Testing of Materials,” by Dr. R. W. B, 
Stephens; and “ The Physical Meaning of Indentation and 
Scratch Hardness,” by Dr. D. Tabor, at 2.15 p.m. Supper 
at 7.15 p.m., Thurs., June 23. 
““An Assessment of Ultrasonic Techniques, with Special 
Reference to Welds,” by H. L. Carson; and “ Problems in 
the Interpretation of Ultrasonic Tests on Steel,” by I. M. 
MacKenzie and R. Kennedy, at 9.15 a.m. Works Visits and 
Evening Excursion, from 1.30 p.m. onwards. Fri., June 24, 
“Neutron Radiography,” by Dr. J. Thewlis and R. T, P. 
Derbyshire; and Discussion on “ Research Work Required 
to Promote Progress in the Field of Non-Destructive Testing,” 
opened with a paper on “The Scope of Non-Destructive 
Testing,” by Dr. E. G. Stanford. Sat., June 25, 9.30 a.m, 
Institution of Mining Engineers 
EDINBURGH 
Summer Meeting. Royal Society of Edinburgh, 24 George- 
street, Edinburgh. Wed., Thurs. and Fri., June 15 to 17. 
“ Physico-Chemical Studies on Dust: Some Factors Control- 
ling the Formation of Aqueous Sprays for the Control of 
Dusts; Some Factors Controlling the Rate of Sedimentation 
of Airborne Dusts,” by W. Gibb, W. Glen, Professor G. 
Hibberd and Professor P. D. Ritchie, at the morning session. 
“ The Construction of New Collieries in Scotland,” by H. R. 
King, at the afternoon session, Wed., June 15. 
Various visits and excursions, Thurs. and Fri., June 16 and 17, 


Institution of Mining and Metallurgy 
LONDON 


“ Application of Plastic Igniter Cord to Blasting Operations 

in Metalliferous Mines,” by R. Haslam, R. D. J. Owens and 

J. Hancock; and “‘ Concealed Lead-Zinc Fields in England,” 

by Dr. G. A. Schnellmann. Apartments of the Geological 

Society, Burlington House, Piccadilly, W.1. Thurs., June 16, 
p.m. 


Royal Institution 
LONDON 


““The International Geophysical Year,’ by Professor Sir 
Harold Spencer Jones. Fri., June 17, 9 p.m. 


Women’s Engineering Society 
LONDON 


Annual General Meeting. Hope House, Great Smith-street, 
S.W.1. Wed., June 22, 7 p.m. 


The address and telephone number of the headquarters of each institution are given below. Meetings 
in the headquarters town are held there unless otherwise stated. Particulars for this column should 
reach the Editor not later than Monday morning in the week preceding the date of the meeting. 


Association of Supervising Electrical Engineers, 23 Bloomsbury- 
square, London, W.C.1. (LANgham 5927.) 

Incorporated Plant Engineers, 48 Drury-lane, Solihull, Bir- 
mingham. (Solihull 3021.) 

Institute of Petroleum, Manson House, 26 Portland-place, 
London, W.1. (LANgham 2250.) 

Institute of Physics, 47 Belgrave-square, S.W.1. 


London, 
(SLOane 9806.) 


Institution of Mini Engineers, Salisbury House, Finsbury- 
circus, London, E.C.2. (NATional 0624.) : 

Institution of Mining and Metallurgy, Salisbury House, Finsbury- 
circus, London, E.C.2. (NATional 0621.) 

Royal Institution, 21 Albemarle-street, London, W.1. (HYDe 
Park 0669.) 

Women’s Engineering Society, 45 Eastcastle-street, London, 
W.1. (LANgham 9571.) 





AWARDS FOR HUMANE TRAPS 


The Ministry of Agriculture, Fisheries and Food 
have announced that a fund of £5,000 will 
be made available for awards to inventors of 
humane traps. Under Part II of the Pests 
Act, 1954, it will be illegal in England and 
Wales to use, after July 31, 1958, any trap 
that has not been approved by the Minister, 
and the awards are intended to be an incentive 
to the development of an effective substitute for 
the gin trap. The claims on the fund will not 
be considered until after the ban on the gin trap 
has come into force and the evidence of sale and 
use of the alternative trap can be provided. 

Instructions for submitting traps or designs 
to the Humane Traps Advisory Committee, 
and notes for the guidance of designers on the 
requirements of an effective humane trap, can be 
obtained from the Secretary, the Humane Traps 
Advisory Committee, Ministry of Agriculture, 
Fisheries and Food, Government Buildings, 
Hook Rise, Tolworth, Surbiton, Surrey. 


TELEVISION DOWNLEAD CABLES 


The problem of increased loss of signal strength 
in downlead cables for the higher frequencies of 
commercial television has led British Insulated 
Callender’s Cables, Limited, Norfolk House, 
Norfolk-street, London, W.C.2, to produce 
cables designed to reduce attenuation. The 
development: of the higher frequency bands 
introduces new problems arising basically from 
reductions in anticipated signal strengths 
increased losses in the aerial downlead. 
attenuation in any cable is approximal 
doubled when changing from 50 Mc/s to 200 
Mc/s. In general, attenuation can be red 
by increasing cable dimensions or by the use of 
alternative materials as the dielectric. Re 
has shown that cellular polythene provides @ 
practical alternative since it has a very m 
lower: dielectric constant than solid polythene, 
although its electrical characteristics, such as 
dielectric loss and insulation resist .ce, af 
similar. 





